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THE SPECTRUM OF THE CORONA’ 
By S. A. MITCHELL 


ABSTRACT 


Excellent weather permitted a most successful expedition at the October, 1930, 
eclipse. 

Spectra were secured by two concave gratings each used without slit. The chromo- 
spheric photographs are of fine definition between the wave-lengths 3200 and 7800. The 
coronal spectra show a series of rings with good definition and dispersion. The wave- 
lengths measured from the 1930 spectra are 5302.91 and 6374.28, the latter in close co- 
incidence with a line at 6374.29 observed in neutral oxygen by J. J. Hopfield. A new line 
is discovered at 6776. 

The wave-lengths are given of nineteen coronium lines and their intensities observed 
at different eclipses. Many peculiarities in the intensities are noted. 

The distribution of coronium at different position angles around the sun was studied 
in the coronal rings, particularly in the two strong lines 5303 and 6374. The radiation in 
6374 was more uniformly distributed in position angle and more concentrated at the 
photosphere than was found in 5303. In the green line structural details were observed 
resembling in shape eruptive prominences. Comparisons were made with the structure 
shown by the direct photographs and by the high-level chromospheric lines. The details 
exhibited by the green line did not at all resemble those in 6374, and neither line re- 
sembled in appearance the prominence structure of the flash spectra or t! - direct photo- 
graphs. 

These features of structure and variations in intensities at former eclipses permit the 
grouping of coronal Jines. Only two pairs are recognized with certainty: 3388 and 5303, 
and 3601 and 4086. 

Eclipse photographs, direct and spectroscopic, were compared with prominence 
plates from the spectroheliograph spread over four days. Throughout this period of 
time the southeast quadrant of the sun was very active. The longest coronal streamer, 
with associated domes, is found at position angle 150°. Before and after the eclipse, 
high-level prominences were found at this location but not at eclipse time. At totality 
the highest prominences were at position angle 115°. They are at the base of the “straw- 
berry dome.” 

The corona takes its shape mainly from the positions of the longest streamers. A 
study of the shapes of the coronas, particularly those since 1893, reveals the interesting 


* Published by permission of the superintendent of the United States Naval Observa- 
tory. 
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fact that the minimum type of corona, with its long equatorial wings, takes place two 
years before the sun arrives at minimum activity as revealed by sun-spot and promi- 
nence information. Likewise, the maximum or circular type of corona comes two years 
earlier than the time of sun-spot or prominence maximum. 

Absorption is observed at the base of the coronal rings. 

The October, 1930, eclipse on Niuafoou, or ‘“Tin-Can” Island, was 
dramatic and spectacular; the small isolated, volcanic island far 
away from home, the difficulty of landing the scientific equipment, 
the scarcity of fresh water, the interesting natives, all combined to 
make the trip a memorable one. As the day of the eclipse ap- 
proached there was the tense anxiety about the weather. Recent 
expeditions to the Tropics to observe the eclipses of 1926 and 1929 
had experienced much trouble from clouds. Weather records kept 
during the eight weeks preceding the eclipse at Niuafoou had shown 
that one day in three was clear at the eclipse hour. What fate was in 
store for us? 

On eclipse day conditions before the great event were even worse 
than usual. Totality was at 8.51 A.M. Two hours preceding a light 
rain was falling; first contact was lost in heavy clouds. But the 
clouds began to thin and fifteen minutes before totality they had 
entirely cleared away. The total phase was observed under nearly 
perfect conditions. A very slight, almost imperceptible haze covered 
the sky, but this in no way seemed to affect the photographs. One- 
half hour after totality clouds again began to gather. 

The details of the expedition under the auspices of the United 
States Naval Observatory are described by Professor Ross W. Mar- 
riott.’ Four times previously I had been a member of Naval Observ- 
atory eclipse expeditions: in 1900, 1901, 1905, and 1918. 

In 1930, as always before at eclipses, my work was spectroscopic. 
My record as an eclipse observer is probably unique. I have ob- 
served eight solar eclipses, and yet neither the Leander McCormick 
Observatory nor I personally own a single piece of eclipse apparatus; 
at each eclipse everything must be borrowed. At Niuafoou I had two 
spectrographs, each consisting of a concave grating and used without 
slit. 

All the equipment belongs to the Naval Observatory with the ex- 
ception of one grating of 4-inch aperture and 14,438 lines per inch, 


* Popular Astronomy, 39, 241, 1930. 
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kindly loaned to me by Professor F. A. Saunders of Harvard Uni- 
versity. This grating has been with me on six occasions: in 1905, 
1918, 1923, 1925, 1927, and 1930. Photographs of the flash spectrum 
were obtained in all but two of the eclipses, in 1923 in Southern 
California and 1927 in Norway, when heavy clouds were experi- 
enced. The photographs at the Oregon eclipse of 1918 were through 
thin clouds and hence the spectra are feeble. The spectrum of the 
chromosphere was. photographed with clear skies in 1905 and 1925, 
and now again in 1930. The results obtained in 1905 and 1925 are 
published in Astrophysical Journal, 71, 1, 1930 and 72, 146, 1930. 

The other concave grating used in 1930 is of 6-inch aperture and 
15,000 lines per inch. Both gratings are of 10-foot radius of curva- 
ture. This grating had previously been with me at the eclipses of 
1923 and 1927, but owing to clouds no photographs were obtained. 
The 6-inch grating has ruled lines 3 inches in length while those of 
the 4-inch grating are only 2 inches long. The 6-inch grating has 
therefore a light gathering surface over double that of the 4-inch. 
Both are Rowland gratings, both were used in the first order—and 
it need hardly be added, the more brilliant first order was utilized. 
It was long ago recognized by L. E. Jewell that the Saunders 4-inch 
grating is a remarkably perfect one—in fact, its definition is better 
than that of the Naval Observatory 6-inch grating. However, the 
1930 spectra showed, as was expected, the 6-inch spectra to be of 
greater strength than those taken with the other grating. 

Accompanied by Mrs. Mitchell and by my personal assistant, 
Mr. Herbert P. Fales of Pasadena, we sailed from San Francisco on 
August 21. Mr. Fales and I arrived at Niuafoou on board U.S.S. 
“Tanager” on September to, six weeks before the eclipse. In the 
erection of the spectrographs I had the assistance of Mr. Fales and 
chief machinist’s mate Coffey. A site was selected close to the con- 
crete base supporting the Swarthmore 63-foot tower telescope and 
to the north of the tower so that it would act as a break for the south- 
east trade winds. It was difficult to secure stability in the shallow 
soil covering the lava rocks. Great care was necessary to make the 
supports rigid so that the instruments would not be jarred in making 
the exposures at eclipse time. 

The two spectrographs were arranged side by side. A “transit of 
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Venus” coelostat was used for each, and the beam of sunlight was 
reflected horizontally on the grating. An extra mirror accompanied 
the coelostats, and this was used for purposes of adjustment. The 
two mirrors used on the day of the eclipse had been freshly silvered 
immediately before the equipment left the Naval Observatory. They 
were kept sealed tightly until the morning of the eclipse when each 
was found to be in excellent condition. 

On account of the sharp curvature of the field of good focus of the 
gratings, a radius of 30 inches, glass plates could not be used. The 
films coated on celluloid base were 1} inches wide. One of the spec- 
trograph boxes took a film 14 inches in length, the other, 12 inches. 
Each spectrograph had two plate-holders. For the 14-inch there 
were six films in each flat plate-holder, while the plate-holders for the 
other grating carried four films each. It was decided to use the 
4-inch grating in the box of seasoned pine with films 14 inches in 
length and to utilize this at the violet end of the spectrum, while on 
account of its greater light-gathering power, the 6-inch grating in the 
mahogany box was used at the red end of the spectrum. The disper- 
sion of each grating is approximately 10.9 A per millimeter, and 
hence the 14-inch film covered about 3800 A and the 12-inch an 
extent of 3260 A. The region from \ 4650 to \ 6800 was photo- 
graphed by both spectrographs. 

Through the kind offices of Dr. C. E. K. Mees all the films were 
coated by the Eastman Kodak Company. For the 14-inch spectra, 
used on the violet side of \ 6800, ‘Commercial Panchromatic’’ films 
were employed. For the 6-inch grating two films were used, one 
overlapping the other, the “Commercial Panchromatic’’ to the 
violet of \ 6800 and ‘“‘Panchromatic K”’ (stained with kryptocy- 
anine) to the red of this wave-length. The films for the violet end 
were on a heavier base than those for the red end. With three of the 
films of the six-inch grating Wratten K 1 filters were used in the 
plate-holder in contact with the ““Panchromatic K”’ films in order to 
absorb the ultra-violet of the second-order spectrum. On account of 
the tropical conditions, with lava dust blowing everywhere and no 
facilities for rapid drying, no attempts were made to hypersensitize 
the films. | 
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METHOD OF SECURING FOCUS 


The writer has always made it a habit to be at the eclipse site a 
month or six weeks in advance so that there may be plenty of time, 
without too much rush and excitement immediately preceding the 
eclipse. 

In Handbuch der Astrophysik, 4, 275, 1929, the difficulties are 
stressed of securing eclipse photographs of perfect focus. The writer 
has always worked with gratings without slit. For securing focus a 
collimator has been utilized consisting of a slit in the common focus 
of two parabolic speculum metal mirrors. When electric power is 
available, it has always been found easier and more efficient to use 
the electric arc as the source of light rather than the sun. This meth- 
od was followed in the eclipses of 1923, 1925, and 1927. At Niuafoou 
there was no electric power and hence there was nothing to do but 
use the tropical sun as the source of light for adjusting purposes. 
The difficulties underlying this process are at once evident. In the 
optical train while adjusting, there are four mirror surfaces: the 
coelostat of silver on glass, the two metal mirrors of the collimator, 
and the grating itself. In the adjustment the slit becomes the source 
of light, and hence it is of minor importance if the coelostat mirror 
is not plane or if the slit is not in the exact focus of the first colli- 
mator mirror which forms the image of the sun on the slit. 

Excellent focus requires, among other things, that on the eclipse 
day the coelostat mirror be plane and not warped by the direct rays 
of the sun. (The mirror was screened from the sunlight until a few 
minutes before totality.) No matter how carefully the focus is de- 
termined, the great fear is always present lest the grating alter its 
focal length, owing to changes of temperature between the time of 
adjustment and the time of the eclipse. This requires in addition 
that the wooden boxes and plate-holders should not expand or con- 
tract enough to alter the focus. And all these nice adjustments had 
to be taken care of on a tropical island, with clouds always inter- 
fering with work, with the dark room during the daytime with tem- 
peratures that felt like inferno, and with no ice and no running water 
for development. The trials and tribulations of an eclipse astrono- 
mer are many, especially when working with apparatus which is 
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temporary and which must always be borrowed! There is only one 
philosophy of life, namely, to be an optimist and to do the best one 
can. 

The two mirrors of the collimator were adjusted for parallel light 
in the method always followed by the writer, by means of a visual 
telescope of about 6-foot focal length focused on the stars. With the 
collimator placed in the beam of light between coelostat mirror and 
grating, the focus was first determined visually with as great care as 
possible. For improving the focus, about a hundred and fifty focus 
plates were taken. The extreme range of focus in the last hundred 
of these films was merely } mm, together with slight changes in the 
inclination of the photographic film to the normal to the grating. 

During the weeks of preparation the 3-inch telescope (used for 
focusing the collimator) was frequently brought out at night to show 
the stars to the three white men residing on the island, to the visit- 
ing Europeans who came to audit the books of the two trading com- 
panies, and to the native Polynesians. What impressed me on al- 
most every occasion was the poor seeing—in fact, very much poorer 
than is ever found at home with the 5-inch finder attached to the 
26-inch McCormick refractor. Perfect definition for the flash spec- 
trum without slit requires perfect seeing, otherwise the spectral lines 
instead of being sharp and cleaniy-cut will be hazy and ill defined on 
their edges. 

As is well known, the concave grating gives a ‘‘normal” spectrum 
if the grating and photographic plate are each perpendicular to the 
lines joining their centers. In that which follows an example will be 
given to show how nearly the 1930 spectra were normal. 


THE ECLIPSE SPECTRA 
At the time of the eclipse the two grating spectrographs were 


handled by: 
Four-Inch Six-Inch 
S. A. Mitchell Lieut. Laurence Bennett, U.S.N. 
Herbert P. Fales C.M.M. John L. Coffey 


The first named in each case made the exposures by opening and 
closing a flap shutter; the second assisted by shifting and changing 
the plate-holders. The 6-inch grating had an “all-Navy team.” I 
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explained to the Captain of the U.S.S. “Tanager” that the two 
longer exposures during totality would give him an opportunity to 
get a good look at the corona. Captain Bennett’s reply was char- 
acteristic of this efficient officer: ‘I am here to do a good job on 
making those exposures, and whether I see the corona or not is of 
little importance.” With such a spirit among my co-workers it need 
hardly be added that at eclipse time everything went off without a 
single hitch. 

The photographic work of the two expeditions, American and 
New Zealand, consisted of direct photography and spectrographic 


TABLE I 
Four-Incu Srx-IncH 
Film No. in'Seconds|] Film No. in Seconds 
Began Ended Began Ended 
3 3 Bans “Go” 3 3 
12 22 10 12 22 10 
24 44 20 24 44 20 
5 54 69 15 60 81 21 
6 71 81 10 83 88 5 


work. I was to give the signal ‘‘Go” for the spectrographs, while 
Professor Marriott, watching the image made by the 63-foot tower 
camera, was to give the signal for beginning the direct photography 
of the corona when the last Baily bead had disappeared. My signal 
naturally would come before the other. I was to yell “Stop!” I had 
an old-fashioned pair of binoculars. In front of the right lens I had 
a replica grating of 15,090 lines per inch and a dark glass over the 
left lens. These signals for beginning and ending operations de- 
pended on my ability to see the flash spectrum. 

The observation programs for the two gratings were as shown in 
Table I. 

Ten films were taken with the 4-inch and eight with the 6-inch 
grating. Plate-holders were changed in each case after the fourth 
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film, the programs for the two spectrographs being the same up to the 
change of plate-holders. The program was rigorously followed. The 
“count”’ was given in a loud voice by the chief quartermaster’s mate 
Bell, a metronome being used which was carefully adjusted before 
the eclipse to beat seconds and again checked immediately after 
totality. The duration of totality calculated by the New Zealand 
expedition was g5 seconds, and hence the exposure for the second 
flash was begun with ‘“‘go” by the count. (As events showed the 
duration was shorter than expected.) Immediately after the second 


TABLE II 
Second Contact Third Contact 
Computed time, Oct. 21............. 20h50™5986 2™3288 
Observed time, Oct. 21.............. 2I 5I 03.05 | 20 52 36.92 
Difference, moon late............ 3845 4812 


flash the plate-holders were shifted and exposures were made as 
rapidly as possible, two films being secured with the 4-inch grating 
and one with the 6-inch. 

Mrs. Mitchell and other ladies and extra assistants arrived the 
day before the eclipse aboard the two naval vessels ‘“Tanager”’ and 
“Ontario.” At eclipse time my wife had two jobs. In her left hand 
she held a telegraph key which gave my signal of “Go” and “Stop” 
to the New Zealand party. In her right hand she held another key 
to record these two signals on the chronograph. 

Captain J. F. Hellweg, U.S.N., superintendent of the Naval Ob- 
servatory, has kindly sent me the times of contacts after correcting 
the moon’s positions for changes in x and y (see Table II). 

It will be noticed that the final revision of the computed duration 
of totality is 93.2 seconds and that both second and third contacts 
occurred later than was expected. My notes made at the time were, 
“My signal of ‘Go’ was one-half second ahead of that given by Mr. 
Bevan P. Sharpless, and this in turn was ahead of Professor Marri- 
ott’s.” 

In the several eclipses observed I have never before had as grati- 
fying a view of the flash spectrum, both at the beginning and at the 
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PLATE II 


The brighter portions of the corona, October 21, 1930, showing same region as Plate I; taken 6-11 seconds 
after the beginning of totality by R. W. Marriott. 
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ending of totality. One handicap in photographing the flash spec- 
trum is that there are so few opportunities to rehearse in one’s 
lifetime. Apparently my reaction time (like that of everybody else 
who has photographed the flash spectrum) is not instantaneous; the 
first flash does not record the chromospheric lines of lowest levels. 
At the end of totality I hung on as long as possible before yelling 
“Stop!” The second flash that I myself closed with this signal shows 
almost perfect timing. A study of the photograph of the first flash 
shows that my signal ‘‘Go”’ was late by approximately 0.38 seconds. 
Assuming this as the correction to the differences above, it will be 
seen that second contact took place 3.0 seconds later than the com- 
puted value and third contact 4.1 seconds later, the actual duration 
being 1.1 seconds greater than the calculated value. On account of 
the rough character of the moon’s edge one has to raise anew the 
time-honored question of what one means by the ‘‘beginning’’ and 
“ending” of a total eclipse. 

On the night immediately following the eclipse Professor Marriott 
started on the development of the coronal photographs. On the 
following night the dark room was given over to my exclusive use. 
As soon as it had cooled somewhat I started, and with the help of 
ice brought for the purpose I was able to keep the developing, fixing, 
and washing baths in fairly satisfactory condition. At daylight the 
films were hung up to dry. 

When all the photographic plates, direct corona and spectro- 
graphic, were developed, the eclipse camp was a cheery place. We 
had been fighting against tremendous odds but we had won out. I 
have never seen more exquisite detail than is found on the coronal 
photographs taken under the direction of Professor Marriott. My 
own spectra left little to be desired, with good focus from \ 3200 to 
d 7800 and with the region from 4650 to 6800 in duplicate. 


THE SPECTRUM OF CORONIUM 


The discussion of the 1930 spectrum of the chromosphere must 
needs await a future publication. The green line of “coronium”’ was 
discovered in 1869. Since that date the time spent in photographing 
the coronal spectrum has amounted to a grand total of about one 
hour, an average of one minute per year. Spectrographs of all vari- 
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eties and conditions, with and without slit, have been utilized. On 
account of the paucity of light the dispersion has usually been small. 
After a half-century of observation Campbell and Moore’ summa- 
rized all the information known up to and including the eclipse of 
1918. Forty lines observed during totality by various authorities 
were listed as possibly coronal in origin. It was suspected by the 
Lick observers that many of the lines belonged to the high chromo- 
sphere rather than to the corona. More than half the forty lines are 
now known (see below) to belong to the chromosphere. Coronal 
wave-lengths even yet are known with little accuracy, some of the 
values being uncertain even to the nearest angstrom. 

Little of scientific value was expected in advance from the 1930 
photographs of the coronal spectrum. How thrilling it was to find 
a complete ring belonging to coronium never before known, and to 
see in the slitless images of the strongest lines at 5303 and 6374 struc- 
tural details resembling eruptive prominences! The wave-length for 
the new line derived on Niuafoou from a millimeter scale and low- 
power eyepiece was \ 6777. In order not to appear to claim too great 
accuracy, the final figure was rounded off to zero, and the value an- 
nounced by radio was \ 6770. The measured value (see below) is 
6776. This line is found on three separate photographs, two with 
the 6-inch and one with the 4-inch grating. 


NORMAL SPECTRUM 


To show the ease with which wave-lengths are reduced from the 
measures, an example is given for film No. 6 of the 6-inch grating 
measured to derive the wave-lengths of the coronium lines. This 
film, taken just before the second flash, shows the high-level chromo- 
spheric lines, and as a Wratten filter was not used, there are lines of 
both first and second orders. In Table ITI, in the first column, is the 
wave-length from the Revised Rowland; in the second column, I and 
II signify first and second order—if second order, the Rowland 
wave-length, is multiplied by 2. In the fourth column is the chromo- 
spheric intensity taken from Astrophysical Journal, 71, 1, 1930, and 
in the last is found the difference between the measured and Row- 
land wave-lengths. The film was measured by the writer in the Rep- 


t Lick Observatory Bulletin, No. 318, 1918. 
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sold machine in which the measures on the spectral lines are referred 
immediately to a millimeter scale. The scale of this film (10.92993 A 
per millimeter) was derived from the measures, using the interval 
from the line D2 to \ 3383 in the second order. The constant 5576.11 
was set up on the multiplying machine. The measured positions in 
millimeters multiplied by the scale value and added to the constant 
gave immediately the measured wave-lengths. The foregoing values 
come from one measure of the plate consisting of two settings on the 
spectral line and one on the millimeter scale. 


TABLE III 
MEASUREMENT AND REDUCTION OF NORMAL SPECTRUM 

Rowland Cader Equivalent Intensity Difference 

Wave-Length Wave-Length Chromosphere M-—R 
I 5805.94 20 — .07 
II 6658.88 18 + .06 
II 6697 .96 20 + .15 
II 6698 . go 35 — .02 
II 6722.46 25 — .05 
II 6736.12 18 + .05 
II 6745 .62 30 — 
II 6767 .68 25 — .10° 


It will be seen that the range of wave-lengths is nearly goo A. The 
differences M —R are made up of a number of sources of errors, chief 
among which are: errors of measurement which are large on ac- 
count of the wide range in intensities of lines measured and imper- 
fect definition; scale inaccurately determined; spectrum not normal, 
etc. 

CORONIUM WAVE-LENGTHS IN 1930 

Although the coronal lines were taken without slit, the edges to- 
ward the photosphere were sufficiently sharp and clear cut to make 
measures of value. Eight films were measured for the green line 
5303, six for 6374, and two of 6776. On account of the greater in- 
tensity of images given by the 6-inch grating, already referred to, the 
only measures made from the 4-inch spectra were on the green line. 
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The results of the measures are given below. The coronium lines 
are referred to the high-level chromospheric lines. On some of the 
films the eastern edge only of the coronium lines could be measured 
accurately, on others the western edge only, while on some of the 
longer exposures both edges were measured. The weight given in 
Table IV is a combination of the definition and the number of edges 
measured. The films on a celluloid base are very sensitive to changes 
of temperature. All spectra were assumed to be normal, and the 


TABLE IV 
WAVE-LENGTHS MEASURED 

Ragan vl mg Wave-Length Wt. Wave-Length Wt. Wave-Length Wt. 
Rts stink 6 5302.98 2 6374.51 2 6776.00 I 

5302.91 6374.28 6775.90 


scale value was determined separately for each measurement of the 
film. The wave-lengths in the table give the mean of the individual 
measures. No correction was applied for the rotation of the corona 
(i.e., for the differential rotation of the corona with respect to the 
chromosphere). No systematic difference in wave-lengths could be 
detected between measures on the eastern and western edges of the 
corona. 

The paucity of information about coronal wave-lengths is illus- 
trated by the fact that it was not until 1898 that the green line was 
found to be at 5303 and was not identical with the 1474 K line 
now known to belong to Fe+ at \ 5317. Heretofore the most accurate 
measures of the green line result from the 1918 eclipse, by Campbell 
and Moore,’ and by Adams, St. John, and Miss Ware.? Uncorrected 
for rotation (0.035 A), and corrected (assuming the corona rotates 


* [bid. 2 Publications of the Astronomical Society of the Pacific, 30, 251, 1918. 
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at the same rate as the photosphere), the values in international 
angstroms are as shown in Table V. 

The 1930 measures give 5302.91, in good agreement with the 
mean of the 1918 results. 

At the April, 1930, eclipse Moore and Menzel" with three-prism 
slit spectrograph give the measured value of the green line referred 
to neighboring chromospheric lines as 5303.9 (I.A.). By applying a 
large correction of —o.g A, which seems none too accurately deter- 
mined, they derive a reduced wave-length of 5303.0. 


TABLE V 
Uncorrected Corrected 
Campbell and Moore.............. 5302.83 5302.80 
Adams, St. John, and Ware........ 5303 .02 5303.06 


None of the measures of the red line, first discovered at the 1914 
eclipse, professes to have a high precision. The 1930 value is 
6374.28. 

The mean for the new line is 6775.90. The last digit means noth- 
ing, and that in tenths of angstroms means little. We shall therefore 
assume the wave-length to be 6776. 


WAVE-LENGTHS AND INTENSITIES 


In his book Eclipses of the Sun (2d ed., 1924), and in Handbuch der 
Astrophysik, 4, 315-353, 1929, the writer has called attention to the 
pitifully small amount of definite information known up to the pres- 
ent about the corona, the reason being the paucity of light available 
and the few opportunities for research. It is always a great tempta- 
tion, however, for a scientist to draw conclusions from the observa- 
tional facts even though, as in the case of the coronal spectrum, the 
observations themselves are very meager. 

As is well known, the spectrum of the corona has three separate 
characteristics: first, the bright-line spectrum of “‘coronium”’ exist- 
ing only in the inner corona and extending on the average to about 


' [bid., 42, 182, 1930. 
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5’ or 200,000 km from the sun’s edge; second, the continuous spec- 
trum of the middle corona; and, third, the Fraunhofer lines showing 
feebly in the outer corona. 

In the Revised Rowland Tables, page 226, 1928, is given a list of 
bright lines attributed to the corona by Campbell and Moore’ but 
revised to include? the 1926 eclipse. In Zeitschrift fiir Astrophysik, 
2, 106, 1931, W. Grotrian gives the results of the Potsdam expedition 
to Sumatra of May 9g, 1929. In Table VI the 1930 eclipse is also in- 
cluded. After eliminating the lines due to the high chromosphere, 
there are nineteen lines which are now believed to be truly coronal 
in origin, although a line or two may still be suspicious. The first 
column gives the wave-lengths in international units. Those at the 
top of the table, given to two places of decimals, are from the 1926 
eclipse by Davidson and Stratton. The values of 5302.91 and 6374.28 
are from the 1930 spectra. The line at \ 6704 was discovered at the 
1929 eclipse and verified by the 1926 eclipse photographs. The in- 
tensities given in the remaining columns are estimates where the 
strongest lines, 3388 in the violet and 5303 in the green, are usually 
assumed to be of intensity 20. The intensities given in the Table are 
those assigned by the observers except for the 1918 eclipse where 
Moore and Campbell’s estimates are each multiplied by the factor 2 
so that the line 5303 may have an intensity 20. For the 1922 eclipse 
the intensities have been furnished by letter through the kindness of 
Moore. In the second column an average intensity is assigned from 
the mean of all the eclipses. 

The intensities of the coronal lines in the table must be considered 
to be on a relative scale and not absolute for the reason that 5303 va- 
ries from eclipse to eclipse and is not constant as was assumed in 
forming the tabular values. 

Before taking up the striking differences in the intensities from 
eclipse to eclipse shown by the table, one must consider the factors 
upon which the coronal intensities depend. They may be grouped 
under four heads: (1) color sensitivity of the photographic plate, (2) 
the dispersion, (3) prism or grating, and (4) slit or slitless. The im- 
provements in plates in recent years, making them more sensitive at 


t Lick Observatory Bulletin, 10, 8, 1918. 
2 Davidson and Stratton, Memoirs of the Royal Astronomical Society, 64, 105, 1927. 
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the red end, are mainly responsible for the discovery of the lines in 
the red. Prisms of glass absorb at the violet end of the spectrum; 
gratings (of speculum metal) and the silver-on-glass reflectors ab- 
sorb in the ultra-violet. Increase of dispersion spreads the mono- 
chomatic images farther apart and weakens. the continuous spec- 
trum, with the result that the emission lines by contrast are easier to 
see on the photographs taken with higher dispersion. 

At the 1930 eclipse on Niuafoou there was a striking difference 
between the coronal spectra taken with the concave gratings and 


TABLE VI 
WavE-LENGTHS AND INTENSITIES OF CORONIUM 
Meax Hiits | Fowter, | Dyson Moore 
WavE- AND | SHACKLE-|} MEAN Lewis,| A? |Moore,| AND Gro- 
LENGTH NEw- | TON, AND | I9Q00- 3" Camp- | | TRAN, 
EA. srry | ALL, | Lockyer,| rgor- Tom, | 1929 
‘ 

1896 1898 1905 1918 1926 1905|1925|1930 
3387 .96.. 12 20 20 20 | 20 | 20 
3454.13.. 9 5 8 10 5 6 
3800.77 3 3 3 3 3 4 I 
3986 .88 8 5 5 3 4 2 10 5 8 4 8 
4086 .29 6 2 2 8 6 
40ST .4< 6s 8 10 5 5 8 6 10 8 6 6 6 
5302.91 20 8 10 20 10 20 20 20 20 20 | 20 | 20 


with the prismatic camera of Dr. C. E. Adams of the New Zealand 
expedition. The prismatic camera gave a very brilliant spectrum— 
in fact, more brilliant than that of either concave grating. Both 
forms of spectrographs were without slits. The dispersion of the 
gratings, however, was ten times the average dispersion of the pris- 
matic spectrum. Many coronal rings were seen on the grating photo- 
graphs, the lines 5303 and 6374 being well visible even on the brief 
exposure for the second flash. On the prismatic spectra, on the con- 
trary, the only coronal line visible on any of the photographs was 
5303, and even this line was seen with great difficulty. | 
Similarly in 1925, the line 6374 was seen on the photographs of the 
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second flash taken with the 4-inch grating; and yet with a prismatic 
camera (kindly loaned by the Lick Observatory), with a dispersion 
about one-seventh of that of the grating, the only coronal line visible 
on a long exposure given throughout the whole of totality was again 
the 5303 line, which had very little contrast compared with the con- 
tinuous spectrum. It is readily seen, therefore, that the dispersion 
employed has a very important bearing on the intensities, and hence 
any conclusions drawn from variations in intensities between the 
lines of one eclipse and another have very little meaning unless the 
instrumental conditions are fairly constant. 

The specially interesting features of the coronal spectra of 1930 
are the large dispersion and absence of slit. On the photographs the 
image of the sun is 14.5 mm in diameter and the dispersion 10.9 A 
per millimeter. All the coronal rings show much interesting de- 
tailed structure, but this is especially true for the strong 5303 and 
6374 rings. On Plate III the vertical line coincides approximately 
with the axis of rotation of the sun. One can see at a glance that if 
a slit had been used in 1930 passing radially through the center of 
the sun, the intensity of 5303 (or 6374) would have depended on the 
position angle of the slit. If placed near the solar axis, the coronal 
lines would have been feeble; while if it had happened to pass over a 
more brilliant portion (which could not have been told in advance), 
the intensity would have been much greater. 

Hence for discussing the distribution of coronium about the sun, 
slitless spectra (if obtained with large dispersion and good definition) 
are vastly superior to those taken with a slit. 

With these instrumental sources of variations in intensities clearly 
in mind, let us look at the estimates of intensities in Table VI. There 
are several striking peculiarities. Many of these, and others, have 
already been noted by Campbell and Moore.’ The most remarkable 
involves the line at \ 3601. It was not observed by anyone until the 
eclipse of 1908, in spite of the fact that it is one of the strongest lines 
of the coronal spectrum and the quartz spectrographs were adequate 
to secure it. The photographs by Mitchell at the three eclipses of 
1905, 1925, and 1930 were taken with the same spectrograph, the 
4-inch concave grating without slit. The plates of the three eclipses 


* Lick Observatory Bulletin, No. 318, 918. 
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have about the same sensitivity in the violet. No trace of \ 3601 is 
found in 1905 although 3388 and 3454 farther to the violet are strong 
lines. By way of contrast, in 1925 and 1930 the line 3601 was very 
strong. (Other peculiarities of this line will be referred to later.) 
Likewise, \ 4086 was not observed before 1908. At the 1929 eclipse 
Grotrian’ reports three lines missing, AA 3643, 4586, and 5536. The 
last line of the three is the weakest of the whole coronium spectrum; 
it is, moreover, near a Fe* line in the chromosphere of \ 5534.85 and 
intensity 15 in the flash spectrum. Davidson and Stratton ascribe 
this line to the corona. The first of the three lines, at 3643, is on the 
average a fairly strong line. Mitchell could not be sure of it from his 
1925 spectra, however, though it was well visible in 1905 and 1930. 

One’s first thought presented for an explanation of these peculiar- 
ities is that the intensities vary, and, having settled this to one’s 
satisfaction, the next thing is to try and connect the variation with 
the sun-spot cycle. There we strike a snag. The years 1900 and 1go1 
had coronas of minimum type while the 1905 eclipse was of maximum 
type, and yet A 3601 was invisible in all three years and, moreover, 
it has been a strong line in every eclipse without exception since 
1908. 

Before pursuing this subject farther it will be well to compare the 
distribution of light in the strong coronal rings 5303 and 6374 ob- 
tained by the concave gratings. 


THE DISTRIBUTION OF CORONIUM 


This is the first time in the history of eclipses that so much of de- 
tailed structure has been obtained in the spectral lines of the corona. 
This structure was made possible by the fine definition with the 
slitless images of high dispersion, but the chief cause was found in the 
great activity of the sun. A comparison of all the 1930 grating spec- 
trograms, but more particularly a study of the H and K lines, reveals 
the interesting fact that at the time of the eclipse the sun was indeed 
in a condition of great activity, prominences being found completely 
encircling the sun. This activity is confirmed by the direct photo- 
graphs. 

With the 63-foot Swarthmore tower telescope Professor Ross W. 


t Loc. cit. 
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Marriott made three exposures of short duration, as shown in Table 
VII. 

The superb definition of these photographs shows not only the 
prominences but the structure of the inner corona in great beauty. 
On account of the fact that the eclipse site was not on the central 
line of totality, the moon’s edge was closer to the southern than to 
the northern limb of the sun, with the result that the prominences, 
both on the spectra and on the direct photographs, show more read- 
ily in the southern hemisphere than in the northern. 

Through the kindness of Director Royds of Kodaikanal and of 
Dr. S. B. Nicholson of Mount Wilson Observatory, prominence 


TABLE VII 
‘nding after xposure 
Plate No. Signal “Go” in Seconds 
(in Seconds) 


plates have been sent for comparison with the eclipse photographs. 
The spectroheliograms were taken on the following dates and Green- 
wich civil times, the first plate being from Kodaikanal, the other 
four from Mount Wilson: October 20, 2"46™; October 20, 19'22™; 
October 21, 17432™; October 22, and October 23, 18"24™. 
A cloudy spell at Kodaikanal prevented photographs between Octo- 
ber 20 and 26. The definition of the Mount Wilson plates is only 
fair. Totality took place on October 21 at 20%51™ G.C.T. 

A comparison of all the photographs, the spectroheliograms with 
the eclipse plates both direct and spectrographic, shows that the 
sun was very active not only at eclipse time but throughout the 
whole period covered by the plates of nearly four days. At the time 
of totality there was a prominence almost exactly at the south point 
of the sun extending to a height of 25,000 km. At this time the axis of 
rotation passed 26° to the west of the south point. The photographs, 
direct and Spectra, show prominences even at the north and 
south poles of the sun’s axis. 

Marriott’s photographs and the eclipse spectra exhibit that the 
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whole southeast quadrant was a tremendously stormy region on the 
sun. The center of the longest streamers of the whole corona was 
situated 30° to the east of the south point of the sun, or at position 
angle 150°. Intertwining the coronal streamers is a beautiful series of 
coronal domes. At totality, at the base of the long streamers and 
domes is an extended group of prominences centered at 150° of posi- 
tion angle. These prominences, though apparently very active as 
shown by the eclipse photographs, did not reach the greatest heights 
on the sun. These greatest heights were actually attained by promi- 
nences also in the southeast quadrant but at 115° of position angle. 
This is the location of the conspicuous feature called the ‘‘strawberry 
dome,” with its magnificent series of arches and with its delicate 
intertwined structure of filamentous details. In Plate IVB is a draw- 
ing made by Emma T. R. Williams from the region of the sun where 
the strawberry-shaped disturbance is found in the direct photo- 
graphs of the corona. The drawing is from Marriott’s photograph 
No. 2, a portion of which is reproduced in Plate I, exposed from 
6 to 11 seconds after the signal ‘‘Go.”’ In Plate IVA are drawings 
of the same solar region made from eclipse spectra as shown by the 
K line of Cat and the Ha of hydrogen. 

On the Kodaikanal spectroheliogram taken on October 20, at 
position angle 150° there is found an eruptive prominence extending 
to a height of 50,000 km. On the same date, October 20, but about 
sixteen hours later, the Mount Wilson spectroheliogram does not 
show a prominence at this position angle nor yet the following day, 
October 21, at 17"32™ G.C.T., three hours and nineteen minutes be- 
fore totality occurred. However, the day following the eclipse, Octo- 
ber 22, and again on October 23 at the same position angle of 150°, 
eruptive prominences are readily visible, those on the latter date 
extending to a distance of go,ooo km. It is interesting to find the 
solar activity persisting at 150° position angle through a period of 
four days. From the two Mount Wilson photographs (which un- 
fortunately were only of fair quality) on October 20 and 21 one might 
think that the activity had died down but had flared up again later. 
However, the photographs taken at the eclipse show the sun very 
active at position angle 150° but without high prominences (see 
Pl. II). Hence we find that the most active region of the whole sun, 
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with disturbances extending over a period of four days, was the 
location of the longest streamers in the corona. 

The coronal streamers in the northwest quadrant of the sun did 
not reach as great length as those to the southeast. The center of 
the greatest prominence group at eclipse time in the northwest is at 
position angle 300°, and this coincides with the center of the coronal 
streamers to the northwest. In Plate IVC is given a drawing from 
Marriott’s photograph No. 7, of three seconds’ duration just before 
the end of totality, the detail in 5303 resembling the coconut trees 
which grow in such profusion on Niuafoou Island. The spectro- 
heliograms show the sun very much less active in this quadrant 
than it is in the southeast quadrant. None of the spectroheliograms 
shows the high-level prominence group so well visible on Marriott’s 
photographs as given in Plate IVC. 

For many long years eclipse observers have called attention to 
the connection between coronal streamers and prominences. This 
dependence of streamers on prominence activity is abundantly ver- 
ified in 1930, but this eclipse demonstrates the fact that the longest 
coronal streamers, on which the shape of the corona more or less 
depends, are not necessarily those connected with the prominences 
which at the time of the eclipse are of the greatest height. It has been 
evident to all investigators that the coronal streamers and hence the 
shape of the corona depend on the solar activity manifested by the 
numbers of spots and prominences increasing and decreasing together 
in the sun-spot cycle, but it must not be assumed that the promi- 
nences which are rendered most readily visible by their great heights 
are necessarily the centers of the most active solar disturbances. 

An examination of all the 1930 grating spectra shows that the 
continuous spectrum traversing the lengths of all of the photographs 
is in origin both chromospheric and coronal. Moreover, it is not 
the chromosphere of highest levels, exhibited by the prominences, 
that gives the strongest continuous spectrum. This is shown very 
clearly from the drawings reproduced in Plate IVA: the high-level 
prominences in the light of K and Ha are associated with little con- 
tinuous spectrum. The continuous spectrum of the chromosphere 
is associated with low-level rather than with high-level activity. 

All observers who have discussed slitless coronal spectra have 
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called attention to the distribution of light in the green ring at d 
5303. V. M. Slipher states: 

The coronium ring is faint or absent along the sections of the sun’s limb oc- 
cupied by the bristling streamers typical cf the polar regions. The spectrogram, - 
compared with direct photographs, shows that the coronium substance was 


relatively abundant generally in those regions of the sun’s limb from which 
flowed the great extensions of the corona.' 


Davidson and Stratton make the following remarks (together 
with others) : 


At 230° there is a strong condensed prominence of considerable height ac- 
companied by no corresponding disturbance in the Ca spectroheliogram. There 
is a weak continuous spectrum accompanying the most condensed part, but 
there is no condensation in the 5303 ring. In the corona there are dark markings 
which can be traced down to this prominence. ... . At 300° there is a large 
eruptive prominence of feathery structure but there is nothing to correspond in 
the spectroheliogram or in the photoheliogram. There is no strengthening in 
5303 and nothing remarkable in the corona. At 330° there is a high massive 
prominence unassociated with Ca or photospheric markings and having no 
counterpart in 5303. This is worthy of comment as the prominence is canopied 
by a very remarkable arched structure and also the longest streamers shown on 
the photograph.? 


It is evident that the intensity of the coronium ring 5303 is weak- 
est near the sun’s axis but strongest in the prominence zones. The 
maximum intensity is found always near prominences but does not 
necessarily coincide with prominences. 

As already stated, the sun’s axis in Plate IIIB is vertical; the left- 
hand drawing representing \ 5303 bears out the statements cited 
above. The streaks of continuous spectrum have the natural effect 
of increasing the intensities at the sun’s limb. It is evident that 5303 
is present but weak at the sun’s poles. The contrast between the 
distribution in 5303 and 6374 is quite striking. On all spectra with 
both gratings the radiation in 6374 is much more uniformly dis- 
tributed than in 5303—in fact, if it were not for the intensification 
caused by the continuous spectrum, the ring 6374 would appear 
about as intense at the sun’s poles as at the solar equator. As ex- 
pected, we find the greatest intensities in 6374 associated with the 


t Astrophysical Journal, 55, 73, 1922. 2 Op. cit., p. 143. 
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prominence groups in southeast and northwest quadrants coinciding 
with the positions of greatest intensities in 5303. It is seen, however, 
that the radiation of 6374 always sticks close to the sun’s edge and is 
more concentrated and more uniform than 5303. 

The greatest surprise of all in comparing the images of 5303 and 
6374 was to find how little they resembled each other in their struc- 
tural details of greatest strength and how little either resembled the 
high-level lines of K and Ha of the chromosphere. These details are 
given in the drawings reproduced in Plate IV. Changes were 
noted in the details of the 5303 coronal ring with progress of time as 
shown in the different plates taken with the two gratings. Some of 
these changed appearances are photographic, owing to differences 
of exposure and development, but some are unquestionably due to 
motions. On account of the short-time interval, exact measure- 
ments of velocities are impossible. Some similarities can be detected 
between the faint streamers in the lines 5303 and 6374 when com- 
pared with Marriott’s direct photographs, but in the stronger de- 
tails few likenesses can be found. The direct photographs of the 
southeast section show the prominence structure more threadlike 
than in the K or Ha spectra. The direct photographs come from the 
integrated light of many wave-lengths, the photographic plate em- 
ployed being sensitive to blue and violet light and not to green or 
red, but the glass of the camera lenses absorbs the violet. Hence the 
radiation from \ 5303 and 6374 can contribute nothing to the di- 
rect photographs, nor can the coronium lines in the far violet. There- 
fore, the direct photographs of the eclipse close to the sun’s edge 
consist essentially of radiation from the high chromosphere and of 
light reflected by atoms and electrons. The prominences seen in 
these direct photographs consist mainly of radiation from H and K 
and from the hydrogen lines, not including Ha. 

It is evident from the details in their structures shown by 5303 
and 6374 that they cannot take their origin in the same atom, at 
least not in the same atom in the same state of ionization. 

Hopfield’ finds in the laboratory spectrum of neutral oxygen a line 
with a wave-length at 6374.29 and also two lines at 6300 and 6364 
which agree in wave-length, within limits of error, with unidentified 


t Physical Review, 37, 160, 1931. 
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lines in nebulae. McLennan and his co-workers’ have produced the 
green auroral line at \ 5577 in the laboratory and have found it to 
be caused by neutral oxygen. There is a remarkable agreement in 
wave-length between the laboratory value and that of the coronal 
line at \ 6374.28. Mere coincidence of wave-length, however, has 
been a trap which has waylaid many an able investigator in astro- 
physical science. As Hopfield has pointed out, the agreement in 
wave-length for this line causes “the terms which give rise to it to 
become of great interest. The most promising lead in their identi- 
fication would be a study of the Zeeman pattern of this line.”’ 


ABSORPTION IN THE CORONA 


Earlier in this paper it has been stated that the edges of the coronal 
spectral lines are sharp and well defined which rendered possible 
accurate measurements of wave-lengths. These sharp edges are 
shown in the accompanying reproductions. The cause of the sharp- 
ness is an apparent absorption of radiation at the base of the corona. 
As far as I know, a similar phenomenon has never before been ob- 
served in eclipse spectra. Obviously it is quite possible that the 
cause is a photographic or developer action known as the Eberhard 
effect. However, all the eclipse spectra taken by the writer were ex- 
amined carefully, ad there was found no similar absorption any- 
where connected with any of the chromospheric lines even though 
these lines have very wide ranges in intensities. Compared to the 
thickness of the chromospheric layers the extent of the corona is 
enormous. There are consequently great differences in the tempera- 
tures and pressures found at the base of the corona and those at 
the higher reaches. Hence there seems to be no reason why these dif- 
ferences in temperature cannot cause absorption of radiation at the 
base of the corona. 

The absorption effects found at the base of the 1930 coronal rings 
are most easily visible with the strongest lines of 5303, 3388, and 
6374. Absorption is likewise visible in the fainter rings. Similar 
features are found in the 1905 and 1925 spectra taken by the con- 
cave grating. 


t Proceedings of the Royal Society, A. 114, 1, 1927: Philosophical Magazine, 6, 558, 
1928; L. A. Sommer, Zeitschrift fiir Physik, 51, 451, 1928. 
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After the brilliant work by I. S. Bowen in finding the source of the 
lines of “nebulium,” A. S. Eddington’ has shown that on account 
of the great energy of the sun “‘coronium”’ cannot find its explanation 
from atoms in the corona in metastable states. No forbidden lines 
are found either in the ordinary solar spectrum or in the flash spec- 
trum. However, it is quite possible that the strong coronal line at 
d 6374 may finally be ascribed to neutral oxygen. 


SIMILARITIES IN CORONAL LINES 


While the present article was at this point in its preparation, the 
note from Stratton and Davidson? appeared calling attention to the 
differences in intensities between the coronal lines in 1926 and in 
1929. These differences have already been alluded to, and the re- 
sults are to be found in Table VI. The line at \ 3328 was a strong 
line in 1929. Grotrian’ calls attention to this line visible alongside 
the neighboring high-level chromospheric line of Ti+ at X 3329.42. 
The 1926 spectra, which are of excellent definition and good disper- 
sion, showed the chromospheric line of fine strength, but the coronal 
line was conspicuous by its absence. As already noted, 3643 and 
3801 were weaker in 1929 than in 1926. 

Stratton and Davidson summarize the similarities of coronal 
structure noted previously by others. Lockyer and Fowler place 
4086, 4231, 4400, 4586, and 5303 in one group; 3801, 3987, and 4567 
in a second; and 4359 in a third. Campbell and Moore have three 
groups: 3388, 3601, and 5303; 3801, 3987, and 4567; and 4231 by 
itself in the third group. Davidson and Stratton grouped 3388 with 
3987; 3454 with 3643; and 3601 with 4086 and 5303. They further 
suggest that ‘‘3643 should go with 3801 and 3987,” thus making one 
group of 3388, 3454, 3643, 3801, and 3987. 

The 1930 slitless spectra make it very plain that coronium has a 
very uneven distribution at different position angles surrounding 
the sun. The limitations of the spectra taken with a slit are at once 
apparent. If the slit happens to fall on an intense part of the coronal 
ring, then all lines belonging to a group physically connected should 


* Monthly Notices of the Royal Astronomical Society, 88, 134, 1927. 
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PLATE IV 


DRAWINGS MADE BY Emma T. R. WILLIAMS FROM SPECTRA BY 
CONCAVE GRATING WITHOUT SLIT 


A and B refer to the eastern section of the sun shown in Plates I and IT, 
and C to the western section. (Please note that all positions in C are inverted.) 

In A are given the K line of Ca+ and the Ha line of the chromosphere 
from spectra taken immediately following the first flash. In B and C are 
given (from left to right) details from Marriott’s photographs near the 
beginning (B) and end (C) of totality, and the structure in the coronal 
rings of spectra at \ 5303 and J 6374, respectively. 


East 


East 
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be intensified together; but if the slit crosses a fainter stretch of the 
corona, all lines of the group should be weakened together. Evi- 
dently the comparisons of intensities of lines at one eclipse with those 
at another (e.g., 1926 and 1929) may mean comparatively little, so 
much depends on the position angle of the slit. Unfortunately, for 
the purpose of discussing groups, most of the coronal spectra up to 
date have been taken with a slit, and, moreover, it must not be over- 
looked that the slitless spectra obtained at early eclipses have left 
much to be desired in the matter of definition. 

As already noted earlier, the line \ 3601 is remarkably peculiar, 
missing in 1905 and very strong in both 1925 and 1930, the spectra of 
all three years having been taken with the same equipment and 
without slit. In the last two years, the lines are very intense on both 
limbs of the sun but in a very restricted region near the sun’s 
equator. The line 4086 resembles 3601 very closely, and undoubtedly 
these form a pair. With either one or the other of these lines the fol- 
lowing have been grouped: 3388, 4231, 4586, and 5303. No con- 
firmation of this grouping is given by the grating spectra. 

Chief interest naturally centers in the green line at 5303. The 1930 
spectra, showing details that in shapes resemble eruptive promi- 
nences, exhibit the identical details in the line 3388 but in much 
weaker intensity on account of absorption by the speculum of the 
grating and the silver of the coelostat. The 1905 coronal spectra 
likewise show structural details similar in character in the two lines. 
It is interesting to find the two strongest lines, 3388 and 5303, un- 
questionably forming a pair. As already stated, 3601 and 4086 can- 
not be grouped with this pair. 

The lines 3454 and 3643 certainly do not form a pair, the latter 
being missing on Grotrian’s 1929 spectra while the former line is 
strong. Mitchell’s 1925 spectra likewise show 3643 missing or doubt- 
ful. There seems little reason for grouping 3643 with 3801 and 3987, 
as suggested by Stratton and Davidson." If the three lines form a 
group, their relative intensities must increase and decrease together 
in different eclipses. The grating spectra and also those of Dyson and 
of Lewis do not confirm this grouping. 

All previous authorities have made a group of 3801, 3987, and 


* Observatory, 54, 197, 1931. 
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4567. The relative intensities of the three with prismatic spectra 
have been observed as follows: (1896) 3, 5, 8; (1898) 3, 5, 3; (1900- 
1901-1905, Dyson) 3, 5, 6; (1908) 3, 4, missing; (1926) 1, 5, 3. The 
relative intensities vary so enormously from eclipse to eclipse that it 
does not look reasonable to combine all these or to place any com- 
bination of these three lines into pairs. This conclusion is confirmed 
by the slitless grating spectra. 

What line, or lines, are similar in physical characteristics to \ 3454, 
itself a strong line? As already stated, certainly not \ 3643. It can- 
not go with 3801 or 3987, and evidently not with 3388 or 5303, nor 
yet with 3801 or 3987. In recent years no one has combined the 
strong line 4231 with any other. It does not seem possible to group 
3388 and 3987, as Davidson and Stratton have done. In fact, the 
only pairs left without suspicions are 3388 and 5303, and the other 
pair, 3601 and 4087. 

Coronal spectroscopic work in the future needs information in the 
two following directions: (1) wave-lengths of greater precision, and 
(2) detection of similarities in structure in order to ascertain the 
atomic origin of the coronal lines. No advances can be made in either 
investigation unless with a fair dispersion of at least three prisms or 
10 A per millimeter. With solar eclipses, observers should do as in 
other lines of scientific investigation—read the literature, study the 
problems, and design apparatus that will advance knowledge rather 
than attempt to do something simply because it is something. 
Eclipses are very spectacular phenomena and therefore may have a 
great publicity value. Eclipses unfortunately occur but seldom. On 
account of their rarity an individual, unless he has a fat pocket- 
book, is not in a position to gather apparatus to be used compara- 
tively rarely in a lifetime. Therefore it is well that there are centers 
where eclipse equipment is accumulated. In the United States the 
Lick Observatory and the United States Naval Observatory have 
specialized in eclipses and have acquired valuable eclipse apparatus. 
In England there is the Joint Permanent Committee of the Royal 
and Royal Astronomical societies. 

To attain the highest accuracy in wave-lengths a slit is desirable. 
The most useful form is a three-prism spectrograph designed to 
gather as much light as possible. To secure a wide range of wave- 
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lengths optical parts of quartz are necessary. Unfortunately a slit 
cannot be used with a grating—there is not enough light. 

The surest method of detecting groups of coronal lines will evi- 
dently be to discover similarities in their structure, which is possi- 
ble only with slitless spectra. In order to increase the contrast be- 
tween the bright-line coronium spectrum and the continuous spec- 
trum large dispersion is essential. This may be accomplished, as in 
the present investigation, by a concave grating, or by a prismatic 
camera by increasing the focal length (and also the aperture) of the 
camera. Unfortunately, to get the most information the optical 
parts should be of quartz, a seemingly impossible condition to im- 
pose for a problem that can be attacked so seldom. The eclipse of 
1932 will furnish the opportunity of putting these recommendations 
into effect. 

THE SHAPE OF THE CORONA 

For half a century the shape of the corona has been connected 
with the activity of the sun as revealed by the sun-spot cycle. For 
the last forty years the dates of maxima and minima of spots have 
been as follows: 


Maximum Minimum 

1893 .6 1908.7 
1905.6 1913.6 
1917.6 1923.6 
1928.5 


The recent maximum has been a curious one, with great activity 
but with the Greenwich mean areas of both spots and prominences 
showing peaks in 1926 and 1928 while the annual means of Wolf 
numbers steadily increased from the date of minimum in 1923. 

In Handbuch der Astrophysik, 4, 317, 1929, there is stated the 
general problem of the dependence of coronal shape on solar activity. 
The eclipses of the last decade have been beautifully situated with 
respect to the sun-spot cycle and have added valuable information. 
The eclipse of 1922 took place shortly before minimum of spots; that 
of 1923 almost exactly at minimum. A year and a half after mini- 
mum came the 1925 eclipse, while those of 1926 and 1927 were just 
before, and 1929 and 1930 just after maximum. 

The information on the activity of the sun as recorded in the sun- 
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spot cycle comes, as the name signifies, from observations on spots, 
their Ziirich relative numbers, the Greenwich mean areas, the lati- 
tude of spots, etc., etc. Similarly observations made on prominences 
give also the numbers, mean areas, mean latitude, etc. The sun- 
spot and prominence curves closely parallel each other. In a sense 
the information from prominences supplements that from spots in 
that the spots are phenomena observed on the face of the sun while 
the prominences are photographed only at the sun’s limb. 

To observe spots a moderate equipment—a mere telescope—is 
all that is necessary. The activity of the sun manifesting itself in 
spots can be observed as the spot moves across the face of the sun, 
measurements of polarity, etc., continued from day to day giving a 
fairly faithful badge of the relative activity of the sun. In compari- 
son the prominences are transitory phenomena. Even if individual 
prominences were more permanent than they are, the rotation of the 
sun would carry them quickly out of sight. Occasionally when a 
total eclipse comes the direct photographs of prominences and the 
eclipse spectra can be compared with spectroheliograph photo- 
graphs. Then we see the limitations of the latter method. The eclipse 
photographs on October 21 last showed the sun with a very stormy 
region in the southeast quadrant while the Mount Wilson spectro- 
heliogram taken only a few hours earlier showed nothing particularly 
remarkable about the activity in this quadrant. Unless the promi- 
nence exhibits both height and contrast through masses of gases in 
eruption, it is usually not a conspicuous object on the prominence 
plates. Hence, taking all things together, it has been generally felt 
by the average astronomer that the information from spots gives a 
more reliable indication of the activity of the sun than is obtainable 
from observations of prominences. As already stated, however, the 
two types of observations supplement each other. 

When attempts are made to find correlations between coronal dis- 
turbances and either spots or prominences, it is evident on the face 
of things that many more connections must always be found between 
prominences and coronal structure than between spots and corona. 
The spots are seen on the face of the sun while both the corona and 
prominences stretch out from the edge of the sun. It must not be 
thought that of necessity there must be a more intimate connection 
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between prominences and coronal activity than there is between 
sun-spots and coronal disturbances. The chance of a spot being near 
enough to the edge of the sun at the time of totality to disturb the 
corona, as in 1go1,' is very slight. The eclipse photographs show 
prominences and disturbed regions in the corona, but from the nature 
of things cannot show spots. Unless the eclipse astronomer ob- 
serves the spots on the final days before the eclipse—and he is 
usually too busy with a thousand and one things that must be done— 
or unless he looks up the literature afterward (and this is rarely 
done), the possible connections between individual spots and coronal 
disturbances pass unnoticed. 

The first good photographs of coronal domes were obtained? by 
the Lick expedition in 1893. In describing the connection with 
prominences Miss Clarke states that “each pearly pavilion is erected 
over a red flame. Coincidences of this kind are of perpetual occur- 
rence.’’ However, for every prominence which shows this coinci- 
dence there are many more prominences which give no indication of 
overtopping coronal domes. 

At the October, 1930, eclipse the high-level prominence group on 
the eastern limb at position angle 115° was connected with the very 
prominent “‘strawberry dome.” By way of contrast, however, the. 
longest streamer in the corona at position angle 150° was not con- 
nected with a high-level and therefore conspicuous group of promi- 
nences. 

H. Ludendorffs has done a valuable piece of work for eclipse in- 
vestigations in providing a simple method of measuring the shape 
of the corona. He has utilized photographs and half-tone reproduc- 
tions to draw roughly by eye lines of equal intensity (isophotes) sur- 
rounding the corona. From simple measures easily carried out two 
quantities, a and 6, were determined, the value a being nearly con- 
stant for all eclipses while } varies, being zero for the eclipse of “‘sun- 
spot maximum”’ type, the shape being nearly circular in outline, 
while 6 has its maximum value, the eclipse being most elliptical in 
shape for the typical “‘sun-spot minimum” type. 

t Eclipses of the Sun, p. 326, 1924. 

2 Handbuch der Astrophysik, 4, 320, 1929. 

3 Sitzungsber. der Preussischen Akademie der Wissenschaften, 16, 185, 1928. 
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Mitchell" rearranges Ludendorff’s data and finds a closer connec- 
tion between the coronal shape and sun-spot numbers than there is 
with the phase in the spot cycle measured from the time elapsed 
from minimum or maximum of spots. 

Bergstrand? also takes Ludendorfi’s figures and applies a correc- 
tion to the values of the isophotes in polar regions to allow for the 
effect of equatorial and mid-latitude streamers being superposed over 
polar rifts. He finds a correlation with sun-spot numbers but a 
closer connection with prominences in high-latitude zones. 

Lockyer’ makes a very valuable compilation by collecting into 
one diagram all the information, beginning with the year 1860. He 
gives sun-spot information from mean daily areas and the latitudes 
in both hemispheres, and similarly for prominences. He divides the 
coronas into three shapes: “polar” or irregular, “intermediate” or 
square, and “equatorial” or wind vane. 

On account of the connection between coronal disturbances and 
prominences already alluded to, and on account of the fact that 
prominences are much more widely distributed in heliographic lati- 
tudes than are spots, it is not surprising that Lockyer finds a close 
correlation between the shape of the corona and prominences, the 
polar corona occurring when prominences are near the poles of the 
sun. 

The division of the coronal shapes into three types is a very 
rough classification, depending, as it does, frequently on the impres- 
sion made on eclipse observers during the fleeting and nerve-racking 
seconds of totality. Speaking as an eclipse observer of long experi- 
ence, with always a strenuous spectroscopic program on my hands, 
I must confess that I have had little opportunity during totality of 
acquiring a calm and judicial opinion of the shape of the corona. In 
plotting the 1930 eclipse in the sun-spot cycle Lockyer has used my 
statement (radioed immediately after the eclipse and before I had 
seen any of the developed photographs) to indicate that the 1930 
eclipse more nearly approximated the minimum type of corona than 


the eclipse of 1929. 


* Handbuch der Astrophysik, 4, 338, 1929. 
2 Arkiv fir matematik, astronomi och fysik, A, 22, No. 1, 1930. 
3 Monthly Notices of the Royal Astronomical Society, 91, 797, 1931. 
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Instead of this crude classification into types, it is better to use 
the values of 6 determined by Ludendorff beginning with the eclipse 
of 1893, even though this latter is admittedly rough. Omitting the 
refinement introduced by Bergstrand, we may plot 6=0.00 for the 
top line of Lockyer’s diagram (sun-spot maximum type) and b= 
+o.24 for the bottom line (minimum type of corona). If the shapes 
of the different eclipses are defined and plotted by this simple meth- 
od, then it is found that very few of the eclipses actually fall on the 
sun-spot curve, but on the contrary they practically all lie consistent- 
ly and persistently to the left, or earlier in time on the diagram. If 
the curve drawn by Lockyer to represent the shapes of the coronas is 
shifted bodily by about two years toward an earlier date, then all 
the eclipses since 1893 fall symmetrically on or near his curve. 

In the Handbuch der Astrophysik Mitchell states: 


Four eclipses, those of 1896, 1898, 1900 and 1go1, took place at an average of 
2.6 years before the sun-spot minimum of 1901.7; the quantity ) had a mean 
average of +0.22. The eclipses of 1914, 1923 and 1925 occurred on the average 
only 1.0 years after the minimum of 1913.6 and 1923.6 and yet the corona then 
differed more (6=-+0.15) from the typical minimum corona than at the longer 
interval of 2.6 years before minimum. In fact, the eclipse of 1923 took place 
almost exactly at minimum of spots, and yet the value of b>=+0.18 had the 
same value as the average of the two eclipses of 1896 and 1898 which happened 
more than four years before the date of minimum of spots. 

Undoubtedly, the great extensions of the corona which are associated with 
the time of the minimum of spots do not take place até the time of sun-spot 
minimum but before that time by approximately two years. 


It was further noted that the corona of January 14, 1926, 


had lost all of the characteristics of the minimum shape of corona and closely re- 
sembled that associated with maximum of spots even though the time was nearly 
two years before the expected maximum of spots. The corona of June 29, 1927, 
was distinctly that of maximum type." 


Now that we have a record of the two recent eclipses, it may be 
added that the eclipses of May 9, 1929, and October 21, 1930, had 
lost their ‘“‘maximum”’ characteristics and were distinctly “‘inter- 
mediate” in type. Hence we seem forced to a conclusion, similar to 
that found for the minimum type of corona, namely, that the maxi- 


Op. cit., p. 318. 
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mum or polar type takes place from one to two years before maximum 
activity on the sun as derived from data as to spots and prominences. 

As is well known and as is shown by Lockyer’s diagram, about two 
years before the sun-spot curve shows a minimum, the new cycle of 
spots arises in northern and southern heliographic latitudes. About 
at the same time the new prominence cycle begins in high latitudes, 
40° or more away from the equator, this cycle being distinct from 
that occurring in mean latitudes. As the activity of the sun increases, 
the spots draw in toward the equator and increase in number and 
size; the high-latitude prominences progress to still higher latitudes 
and also increase in activity. At sun-spot minimum there are two 
spot zones and two prominence zones in activity in each hemisphere. 
On the assumption that the intensity of the coronium lines vary with 
the sun-spot cycle, Mitchell' calls attention to the great strength of 
the emission line \ 6374 as an indication of increased solar activity 
at the 1925 eclipse, a year and a half after sun-spot minimum. 

After three hundred years of observations we are forced to con- 
fess that the eleven-year curve must still be regarded as erratic. The 
solar activity from numbers and areas of spots or from frequency and 
areas of prominences gives curves which are similar but are not 
identical. Other allied curves, terrestrial magnetic phenomena, etc., 
also show vagaries. It is still unsafe? to predict, even a few years in 
advance, what the sun-spot cycle is going to do. Recognizing these 
limitations, or, in other words, realizing that the sun has sporadic 
and unexpected bursts of activity, it is well not to make too great 
claims for dependence on the sun-spot curve. 

We have two main types of corona: the so-called ‘“minimum- 
type,” with pronounced polar brushes or rifts and extended stream- 
ers lying near the sun’s equator which have been seen to distances of 
ten solar diameters; then there is the “‘maximum-type”’ nearly cir- 
cular in outline, “shaped like a gigantic dahlia.’”’ Between the two 
the corona is “intermediate” in type. From the foregoing investiga- 
tion it appears evident that the corona takes on the “minimum,” 
“intermediate,” and “‘maximum”’ types always consistently about 
two years earlier than expected from the investigations carried out 
on spots and prominences. In other words, the new cycle of solar 

' Tbid., p. 341. 2 Cf. Mitchell, Eclipses of the Sun (2d ed.), p. 120. 
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activity, which manifests itself both in spots and in prominences two 
years before the time of sun-spot minimum, makes itself felt immedi- 
ately not only in the changed shape of the corona, but in the in- 
creased strength of the emission lines of coronium. 

As the corona takes its shape primarily from the lengths and posi- 
tion angles of the longest streamers, and as the photographs taken 
at and near the eclipse of October, 1930, show that the longest 
streamer was connected with solar activity that had persisted for 
several days, it is evident that the corona can have no constant 
shape, but no doubt it varies from day to day, depending on the 
location of the sun’s activity. The corona we happen to photograph 
during the few fleeting seconds of totality is a temporary phenome- 
non which will submit itself to law with great reluctance. 

Without attempting too great generalities, it is perhaps simpler 
and more convincing to state that the great and unexpected activity 
in the corona which was manifested in the eclipse of September, 
1923, and which has continued with unabated energy up to and 
through the time of the eclipse of October, 1930, is simply a reflection 
of the unusual activity of the sun in that interval, as indicated by the 
observations of spots and prominences. 


LEANDER McCormick OBSERVATORY 
UNIVERSITY OF VIRGINIA 
August 1, 1931 
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DOPPLER EFFECTS IN HYDROGEN CANAL 
RAYS OF UNIFORM ENERGIES 


By H. F. BATHO AND A. J. DEMPSTER 


ABSTRACT 

Positive ions were produced by bombarding hydrogen with low-voltage electrons 
from a hot cathode. The ions formed passed beside the cathode into a strong field 
where they were accelerated by potentials up to 15,000 volts. The ions then passed 
into an observation chamber, where the light emitted by the accelerated particles was 
photographed with a large three-prism spectrograph. With the usual canal-ray tubes 
broad displacements are obtained as Doppler effects due to the velocity distributions in 
the ions, maxima are sometimes present suggesting ions of various masses, and the ob- 
served displacement is always considerably less than that calculated from the potential 
difference on the tube. With the present tube sharp displaced lines of the Balmer series 
are obtained indicating homogeneous velocities, the displacements agree with those 
calculated from the potential for atomic ions, molecular ions, and triatomic molecular 
ions. These ions break up in the observation chamber giving hydrogen atoms which 
emit the Balmer series lines with Doppler effects corresponding to the velocities of the 
ions. At low pressures the displaced line due to the molecule ion becomes the strongest 
as suggested by previous experiments on the positive-ray analysis of ionization products. 

The discovery of the Doppler effect in the radiation from canal 
rays by J. Stark’ has been very important in verifying our theories of 
the processes going on in a discharge tube. The canal rays or positive 
rays produced in an ordinary discharge tube are found to consist of 
particles moving with a great variety of velocities. This is due to 
two causes: first, the charged atoms or molecules are formed at vari- 
ous places in the discharge tube and fall through different fractions 
of the potential applied; in the second place, the rapidly moving 
ions may be neutralized and pass through part of the electric field as 
neutral particles. As a consequence the spectral lines emitted by the 
moving particles in the direction of motion are displaced to the violet 
by various amounts and give rise to a broad “‘displaced intensity.” 
In hydrogen under certain conditions F. Paschen? observed two 
maxima in the displaced intensity. J. Stark and W. Steubing’ found 
that three maxima sometimes appeared. The three displaced max- 
ima have been interpreted as due to the superposition of radiation 
from particles which had been accelerated as hydrogen atoms, hy- 


drogen molecules, and triatomic hydrogen molecules. These mole- 


t Physikalische Zeitschrift, 6, 893, 1905. 
2 Annalen der Physik, 23, 251, 1907. 3 Ibid., 28, 974, 1909. 
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cules are later disrupted at some collision, forming atoms which re- 
tain the original velocity, and emit the line spectrum of atomic hy- 
drogen. H. Krefft" has also observed three maxima under certain 
conditions and found that the displacements of the maxima at low 
potentials (3000~-13,000 volts) varied approximately inversely as the 
ratios 1:)/ 2:y 3. At higher potentials the middle maximum dis- 
appeared and the ratio of the displacements of the two remaining 
maxima became greater than 1:2. Krefft also found that the maxi- 
mum Doppler displacement observed was only 70 per cent of that 
to be expected for hydrogen atoms as calculated from the potential 
on the tube. 

In some recent experiments W. Riezler? passed a beam of a canal 
ray from an ordinary discharge tube through a magnetic field and 
observed the Doppler effect due to charged particles which had been 
deflected through a definite angle. A displaced line was observed 
which agreed with the velocity of hydrogen atoms, calculated from 
the amount of the magnetic deflection. By increasing the magnetic 
field two other displaced lines could be obtained whose velocities 
corresponded to those calculated from the magnetic deflections for 
hydrogen molecules and triatomic hydrogen molecules. 

The purpose of the present experiments was to observe the Dop- 
pler effects when the charged particles all fall through the same po- : 
tential difference. With rays of homogeneous velocities, sharp dis- 
placed lines might be expected. Two methods were tried for obtain- 
ing rays of uniform velocity. The first is illustrated in Figure 1. It 
is based on the method used by J. J. Thomson and C. T. Knipp? in 
the positive-ray analysis of ionization products and on the method 
used by Dempster’ in studying primary and secondary ionization 
products. The gas is ionized by electrons emitted by C and acceler- 
ated to A by a low potential. The ions formed pass through holes 
in the plate D and are accelerated by a large potential difference be- 
tween D and E. The rays pass through holes in £, and the light 
emitted is observed through a window at the end of the tube. The 


* Ibid., 75, 75, 1924. 2 Tbid., 2, 429, 1929. 
3 Philosophical Magazine, 18, 838, 1909. 

4 [bid., 22, 926, 1911. 

5 Ibid., 31, 438, 1916; Physical Review, 8, 651, 1916. 


— 
ae = 
: 


36 H. F. BATHO AND A. J. DEMPSTER 


Fic. 1.—Doppler effect tube for particles of uniform energy 


Fic. 2.—Doppler effect tube 
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hydrogen pressure is made so low (by immersing a charcoal tube to 
various depths in liquid air) that no collisions or change of charge 
would be expected in the small space DE. 

A second method illustrated in Figure 2 was also tried. It is a 
modification suggested by the experiments of M. L. E. Oliphant.* 
A discharge is formed between the hot cathode C and the spiral wire 
anode A. The ions formed are drawn to the plate D and accelerated 
as before. Much greater intensities were obtained by the first meth- 
od, and it was used exclusively in the observations. The potential 
between C and A was approximately 200 volts, and various fields 
up to 15,000 volts were applied between D and E. The light behind 
E was photographed through the end of the tube with a large three- 
prism Steinheil spectrograph. Exposures of three to ten hours were 


necessary. 
OBSERVATIONS 


It was found that sharp displaced lines were obtained, indicating 
that the great majority of the ions retained their charge while being 
accelerated in DE (Figure 1). On some photographs at high pressure 
there was also a broad band of intensity less displaced than the 
lines, which may be due to those ions that become neutralized in the 
condenser. On some photographs three displaced lines were ob- 
served, with displacements inversely proportional to 1, 1/ 2, and / 3. 
The line with the greatest displacement was always much fainter 
than the other two, and on several plates only the inner two could be 
measured. The results are given in Table I. The potential on the 
condenser DE was calculated from a spark gap in parallel with the 
tube. This yields only approximate values of the potential, and the 
uncertainty is probably sufficient to explain the differences between 
the observed displacement in angstroms (col. 5), and the value cal- 
culated for the velocity of singly charged molecules as given in col- 
umn 4. Column 7 gives the observed displacement in angstroms for 
the most displaced line, and column 6 gives the observed value for 
the middle line multiplied by 1/2. This is the displacement to be 
expected if the line is emitted by hydrogen atoms which have been 

* Proceedings of the Royal Society, 124, 228, 1929; 127, 375, 1930. J. J. Thomson (op. 


cit., 16, 673, 1908; 18, 838, 1909) accelerated ions from a discharge tube through a hole 
into a side tube. 
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accelerated by the same potential as hydrogen molecules. The last 
two columns give the observed values for the least displaced line and 
the displacements calculated for H* ions accelerated by the same 
potential as the molecular ions. It is seen that the agreement for the 
H, and H, ions is as good as could be expected. 

We are thus led to conclude that the molecular and triatomic mo- 
lecular ions dissociate into atoms soon after leaving the condenser and 


TABLE I 


CALCULATED AND OBSERVED DISPLACEMENTS IN ANGSTROMS FOR HYDROGEN 
LINES FROM SOURCES ACCELERATED AS CHARGED MOLECULES, CHARGED 
ATOMS, AND CHARGED TRIATOMIC MOLECULES 


Plate Volts Line H: Cal. Hz Obs. Ha Obs. Hs H; Obs. 
3 

12,000 | HB 17.4 15.8 22.4 22.3 12.9 12.4 
5300 | Hy 10.3 8.8 12.45 12.1 18 
15,000 | HB 19.5 18.6 26.3 26.0 14.9 


that the resulting hydrogen atoms emit the Balmer series lines, and 
continue on in the original direction without appreciable loss of veloc- 
ity. The moving atoms excite light in the gas and are continually re- 
excited themselves. This phenomenon of the dissociation of hydro- 
gen molecule ions into atoms is well known from experiments on 
positive-ray analysis. An ion may be accelerated as a molecule and 
then deflected magnetically as an atom. 

The three types of charged ions are formed in the low potential 
discharge CA. If the pressure is very low, charged molecules are the 
only ions obtained. At higher pressures the molecule ions associate 
with molecules of the gas to form triatomic molecular ions and also 


1 J. J. Thomson, Rays of Positive Electricity, pp. 66-67; H. D, Smyth, Physical Re- 
view, 25, 452, 1925; A. J. Dempster, Philosophical Magazine, 3, 119, 1927. 
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dissociate to give hydrogen atoms.’ The relative intensity of the dis- 
placed spectral lines would depend, in the first place, on the relative 
numbers of the three types of ions furnished by the low-voltage dis- 
charge. In the second place, the velocity with which a hydrogen 
atom is moving probably influences its efficiency as a radiator. E. 
Riichardt? has shown that with high velocities the free path in the 
charged state is increased so that neutralizations and light-emissions 
would occur less frequently than at lower velocities. This is prob- 
ably the cause of the unexpected faintness of the most displaced line. 
Experiments with various pressures and velocities may be expected 
to throw light on the relative intensities observed. 
RYERSON PuysIcAL LABORATORY 


UNIVERSITY OF CHICAGO 
September 1931 


NOTE ON DOPPLER EFFECTS IN NOVAE 


In a discussion of these experiments Professor T. R. Hogness pointed out the 
similarity in appearance of these Doppler effects with the two displaced absorp- 
tion lines that are observed in some stellar novae, at a certain stage of their de- 
velopment. This might support an interpretation of the two velocities as arising 
from the original ejection of a mixture of atomic and molecular hydrogen from 
the star. Through the kindness of Professor Frost and Mr. Elvey several spectra 
of Nova Geminorum No. 2 (1912) and Nova Aquilae No. 3 (1918) were exam- 
ined. Some rough measurements of the displacements indicated velocities in- 
versely proportional to 1 and )/ 2. These are the ratios of the velocities assumed 
by hydrogen atoms and molecules when accelerated by the same forces. The 
sharpness of the displaced absorption lines and the changes in the Doppler effects 
suggest electrical forces, as would be necessary if we attribute the double dis- 
placement of an iron line to singly and doubly charged iron atoms. 


t A. J. Dempster, Philosophical Magazine, 31, 438, 1916; H. D. Smyth, loc. cit.; T. R. 
Hogness and E. G. Lunn, Physical Review, 26, 44, 1925. 
2 Annalen der Physik, 71, 377, 1923. 
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THE SPECTRUM OF DOUBLY IONIZED CERIUM! 
By ARTHUR S. KING anp ROBERT B. KING 


ABSTRACT 

The spark spectrum of cerium, when excited by a very intense discharge, shows in 
the near ultra-violet many strong lines not found in the arc spectrum, in which the 
lines of Ce 11 are prominent. The writers have measured 280 lines of this character from 
2167 to X 3544 and noted their intensity and degree of diffuseness. These spark lines 
probably belong for the most part to doubly ionized cerium, although 5 of the lines 
measured have previously been ascribed to Ce Iv. 

The presence in the ultra-violet spark spectrum of cerium of a 
large number of lines probably belonging to the doubly ionized atom 
was noted by one of the writers? some years ago. This observation 
was made in the course of a comparison of the furnace, arc, and 
spark spectra of cerium,’ which showed the response of various 
groups of lines to different excitations. It was noted that the lines 
of neutral cerium, relatively few in the ultra-violet, are excited best 
by the furnace and that in the arc they are faint, the predominant 
lines of the arc in this region belonging to Ce 11. This latter conclu- 
sion, in the lack of any analysis of the cerium spectrum, is based on 
the fact that the stronger lines of this group appear faint in the 
furnace and may be quenched by the addition of a substance of 
low ionization potential, a criterion frequently used in the selec- 
tion of lines belonging to ionized spectra. 

In the spark spectrum, beginning at 3550 and proceeding 
toward shorter waves, we find lines peculiar to the spark which 
may be assumed to belong to an ionization higher than the first. 
Many of these are very strong. At first they are interspersed with 
Ce 11 lines; then the latter become more infrequent until the lines of 
multiply ionized cerium make up the whole spark spectrum. Some 
of the strongest are given in the list of spark lines of Exner and 
Haschek ;* a very intense discharge with large capacity is required, 

* Contributions from the Mount Wilson Observatory, Carnegie Institution of Washing- 
ton, No. 441. 

2A.S. King, Physical Review, 30, 366, 1927. 

3 Mt. Wilson Contr., No. 368; Astrophysical Journal, 68, 194, 1928. 

4 Spektren der Elemente, 3, 1912. 
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however, to bring out the 280 lines photographed by the writers as 
far as \ 2167. 

Of the spark lines listed in the present paper, some, although 
probably only a few, belong to trebly ionized cerium. Gibbs and 
White' report having photographed the spark spectrum in this region 
with a stigmatic spectrograph, which brought out a conspicuous 
concentration at the electrodes of the pair \ 2456.86 and \ 2778.24. 
The frequency difference of these lines indicated that they belong to 
Ceiv. The number of lines classified was raised to eight by J. S. 
Badami,? whose list includes h 2180.70, \ 2350.16, and AX 2430.31 
in the region we have examined. These five Ce Iv lines are all strong 
on our plates, and it is possible that others are present in our list, 
although probably most of the trebly ionized lines lie farther in the 
ultra-violet. 

As far as \ 2500 the spectrograms were made with the second 
order of the 15-foot concave grating (scale, 1.86 A per millimeter), 
while the shorter wave-lengths were photographed in the first order. 
A solution of cerium nitrate was used on electrodes of Acheson 
graphite, a comparison with the spectrum of untreated graphite 
being made for the elimination of the carbon lines. The selection of 
multiply ionized lines was based on their non-appearance in the 
cerium arc, the spectrum of which was photographed adjacent to 
that of the spark and so strongly exposed that the typical Cem 
lines were fully as intense in the arc as in the spark spectrum. For 
the wave-length measurements a special set of spectrograms was 
made by the usual method of taking adjacent exposures of an iron 
arc before and after photographing the cerium spark. The cerium 
lines were measured from well-established iron standards, largely 
from the list of Jackson;3 for standards below \ 2327, however, we 
have used a list of unpublished values, largely recent measures of 
K. Burns, kindly supplied by W. F. Meggers and C. C. Kiess. 
The best plates were measured by each of the writers, four sets of 
measures being made for the shorter wave-lengths. The close agree- 
ment of these independent measures, together with the high quality 

' Physical Review, 33, 157, 1920. 

2 Proceedings of the Physical Society of London, 43, 53, 1931. 

3 Proceedings of the Royal Society of London, A, 130, 395, 1931. 
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TABLE I 
WAVE-LENGTHS OF DouBLy IoNnIzED CERIUM LINES 

Intensity Intensity Intensity 
40 S400 toh 2635.6... 2h 
AO. 50 2404.44....... 6h 2oh 
2299.90........ 4 1oh 2573.29". 8s 
$900.90. 80 5 2575.00.. 20h 
100 2454.37.. 50s 2577.828. 80h 
8 2460.86....... 2s 2584.87.. 7oh 
25 2472.71. 4 260% . 32". . 4s 
86". 200 th 2604.078...... 4s 
4s RABAT: 5s 9610/01... 4h 
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TABLE I—Continued 
Intensity Intensity Intensity 
2626: 08)... 2h 2748 .936. 50s 6h 
15 80 3086080... .... 200 
4s 150 3086022. ..... 3 
4 2822.648. 8 250 
20405 50 8 200 
2654.48. 6h 2840.7 th REAP. 300 
2662: 846 308 2847.3..... 3h 3168.02*. 25h 
2668.60... 8h 2861.416*..... 15 3 
2675.08.. 4h 2095 100 3267.92.. 6h 
2h 2625. 283. 80 2 
I 2027..258... 10 3353-262 150 
2h 2931.558... 100 3395-735. 50 
2686), toh 2948. 564. 15 3427. 332... 125 
6s 2039. 50 3443 .6009.. 150 
2705 2 3011. 493. 8 150 
2520). 60s 409%. 550... 500 60 
2920. O00. 60s 2 3504.596.... 100 
2938. 3h 3056.5506... 125 


2180.70 Ascribed to Ce Iv. 
May be double. 


2315 


2430. 


.gI 
2350.16 


2456.86 | 


2509.5 


| Ascribed to Ce Iv. 


NOTES TO TABLE I 


Close to carbon line \ 2509.1. 
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2543.110 May be Ce 1 much enhanced. 
2548.72 Not fully resolved. 
2548.79 

2554.3 
2569.21 
573-17 \ May be faint Ce 1 lines much enhanced in spark. 
2601 . 32 
2609 .94 
2619.80 
2733.4 Very wide. 

2778.243 Ascribed to Ce Iv. 

2820.8 Cer line on violet side. 

2861.416 Ce 1 line on violet side. 

2874.2 Probably Ce m1, on red side of Ce m \ 2874.135. 
2923.84 Coincides with faint Ce 1 line. 

2944.3 Probably Ce 111, on violet side of Ce 11 \ 2944.354. 
3122.93 To violet of Ce 1 line. 

3168.02 Blend Cet A 3167.912. 


of the standards, justified giving three-place values for many lines 
on the second-order plates. As is usual in spark spectra, none of the 
lines was strictly sharp; but unless dissymmetry results from an 
excitation higher than that required for the production of a given 
line, an appreciable width does not prevent measurements of high 
precision. The spark excitation used for the Ce 111 lines is that suit- 
able for their initial appearance, and dissymmetry is therefore at a 
minimum. 

Distinct differences in structure were found, varying from lines 
almost as narrow and sharp as those of Ce 11 to lines, usually of low 
intensity, showing a pronounced haziness. In Table I this differ- 
ence is indicated by “‘s’’ after the intensity when the line is sharp 
and “‘h”’ when it is hazy, while lines of moderate widening are left 
without special designation. The hazy lines, beginning at Ad 2373, 
may be expected to belong to much higher energy-levels than those 
which are decidedly sharp or show only a moderate degree of widen- 
ing, as is the case with most of the very strong lines. Lines too faint 
for the comparator were measured with a glass scale; the wave- 
lengths of such lines are given to o.1 A. An asterisk (*) after a wave- 
length refers to a note at the end of the table. 

Plate V gives an enlargement of the region of shorter wave-length, 
with comparison spectra of the iron arc. Differences in degree of 
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diffuseness may be seen among the cerium lines, almost all of which 
are of multiple ionization. Plate VI shows the arc and spark spectra 
in the region where Ce 1 lines occur among those of Ce 11. The 
Ce 11 lines may be identified by their absence from the arc spectrum. 
Occasionally, lines occur in the arc in close, though not exact, co- 
incidence with lines of Ce 111; but such arc lines never coincide with 
the strongest spark lines, and the agreement is not more frequent 
than is to be expected in a spectrum as rich as that of Ce 11. 
CARNEGIE INSTITUTION OF WASHINGTON 


Mount WILSON OBSERVATORY 
October 1931 
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STUDIES IN PECULIAR STELLAR SPECTRA 


III. ON THE OCCURRENCE OF EUROPIUM 
IN A-TYPE STARS 


By W. W. MORGAN 


ABSTRACT 

Thirteen stars of spectral types Ao-A3 have been found which show the two strong- 
est lines of Eu*+. Seventeen other stars have a line in their spectra coinciding in position 
with the strongest Eu* line, which cannot be accounted for by any other element. 
These stars, together with a? Canum Venaticorum, seem to make up a group of ‘“‘europi- 
um stars” in the early subdivisions of spectral type A. 

1. The first announcement of the detection of the rare earth euro- 
pium in stellar spectra was made by J. Lunt’ in 1907. From meas- 
ures of the radial velocity of a Bootis and 8 Geminorum he found 
that the CaI line at \ 4435.690 (I.A.) was shifted 0.049 A to the 
violet of its normal position in a Bootis and 0.040 A in the case of 
8 Geminorum. He found confirmation of the discordant velocity 
from measures of radial velocity made at the Yerkes and Lowell 
observatories. Altogether eight stars were listed, of which a Bootis 
was common to all three sources. On the assumption that an un- 
known line of equal intensity with Ca I 4435.690 was the cause of the 
discordance, he identified the disturbing line with Eu 4435.59. He 
states that there are strong lines in the spectrum of Arcturus in the 
positions of the two strongest europium lines at \ 4129 and dX 4205. 
From an examination of plates of Arcturus I have come to the con- 
clusion that the identification of the disturbing line at \ 4435 with 
europium is difficult to establish, since the calcium doublet is well 
marked and both of the stellar lines at \ 4129 and A 4205 are prob- 
ably blends in the spectrum of the star. 

L. E. Jewell? first suggested the identification of three lines in the 
flash spectrum with europium from plates taken at the eclipse of the 


* Proceedings of the Royal Society of London, A, 79, 118, 1907. 
2 Publications of the United States Naval Observatory (2d ser.), 4, App. I, PD-121, 
1905. 
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sun in 1900. A more complete discussion was made by F. W. 
Dyson' from spectra obtained at the eclipses of 1900, 1901, and 
1905. Table I gives his identifications of the europium lines in the 
flash spectrum with the laboratory wave-lengths and intensities from 
Exner and Haschek. All of the data are taken from Dyson, and the 
wave-lengths are expressed in the old Rowland system. 

In 1913 F. E. Baxandall? announced the identification with the 
strongest lines of europium of two of the lines showing the most 
marked variation in intensity in the spectrum of a? Canum Venati- 
corum. From a comparison with laboratory wave-lengths he identi- 
fied five other lines with europium by means of measures made by 


TABLE I 
EUROPIUM IN THE CHROMOSPHERE (Dyson) 
CHROMOSPHERE SUN LABORATORY 
IDENTI- 
Intensity 
(Row.) Int. Int. (Row.) 
Spark Arc 
2009: 28. Eu 3907 .3 30 30 
2 o? Eu 3972.13 50 50 
4 I Eu 4129.88 100 100 
4206.21..... 6 I Eu 4205.19 100 50 


A. Belopolsky. The intensities of the lines in the laboratory and the 
wave-lengths in the laboratory and star are given in Table II. The 
wave-lengths are in the old Rowland system. The lines \ 4129 and 
4205 had been shown by Belopolsky* to vary periodically in in- 
tensity, in phase, in a period of about 5.5 days. An examination by 
Baxandall of spectrograms obtained at South Kensington of Sirius, 
a Cygni, and Procyon presented varying degrees of probability of 
the occurrence of europium in these stars. His results are given in 
Table III. The wave-lengths are in the Rowland system. 

t Philosophical Transactions of the Royal Society of London, A, 206, 403, 1906. 

2 Observatory, 36, 440, 1913, and Monthly Notices of the Royal Astronomical Society, 


74, 32, 1913. 
3 Astronomische Nachrichten, 196, 1, 1913; also Bulletin de l Académie Imp. des Sci- 
ences de St. Petersbourg (6th ser.), 7, 689, 1913. 
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From the foregoing evidence Baxandall concluded that the occur- 
rence of europium in a Canis Majoris was established. He considered 
the evidence unconvincing in the case of a Cygni, and inconclusive 


TABLE II 
EvuROpIUM IN a? CANUM VENATICORUM (BAXANDALL) | 
LasoraTory (E. AND H.) 
(ROWLAND) Intensity 2CV 
: (Belopolsky) Remarks | 
Spark (Rowland) 
9620.65 50 50 3930.67 
00% 50 Masked by He in star 
E2000 100 100 4130.04 
20% 50 100 4205.20 
4250 75sc-@s 30 5° 4435.77 | Stellar line partly due to 
Ca 4435.85 
Phe 15 20 4522.87 | Stellar line probably chief- 
ly due to pFe line 
4522.80 
10 100 4594.26 


TABLE III 
EVIDENCE FOR OCCURRENCE OF EuRopIUM IN A AND F Stars (BAXANDALL) 


a CMa a CyG a CM1 
d (Rowland) | land) Notes land) Notes land) Notes 
Oe 3930.52 | Probably blend | 3930.52 | Possibly blend of|......... Masked by Ca K 
of Eu-Fe Eu-Fe 
Masked by He |........ .-| No evidence for |......... Masked by Ca H 
stellar line and He 
rit: 4129.91 | Faint, probably |......... No evidence for | 4129.6 Weak stellar line 
Eu only stellar line apparently 


more refrangi- 
ble than Eu 


line 
Oe: 4205.21 | Faint, probably | 4205.2 Possibly blend of} 4205.10 | Possibly Ex only 
Eu only Eu-pV 
Doubtful in stel-}......... No evidence for | 4435.9 | Probably chiefly 
lar spectrum stellar line Ca; possibly 
Eu also 
170 4522.7 Chiefly pFe 4522.7 Strong stellar 4522.9 Probably chiefly 
4522.80, but line, chiefly pFe; possibly 
possibly a pFe; possibly Eu also 
a blend with blend of Eu- 
Eu pFe 
Pr a, ee 4594.18 | Stellar line prob-} 4594.42 | Possibly Eu 4504-3 Possibly Eu only; 
ably Eu evidence for 


4594.27 weak 
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for a Canis Minoris. He also compared the strongest europium lines 
with the solar spectrum. 

S. A. Mitchell" attributed six lines in the flash spectrum as ob- 
served at the eclipse of 1905 to europium. In a later paper’ a cata- 
logue of lines is given, determined principally from the chromo- 
spheric spectra of 1905 and 1925. In this paper four lines are ascribed 
to Eut. The wave-lengths in the chromosphere together with other 
data are given in Table IV. The wave-lengths are in I.A. 


TABLE IV 


OccURRENCE OF Eu+ IN THE CHROMOSPHERE (MITCHELL) 


INTENSITY 
ELEMENT HEIGHT IN Km 
Disk Flash 
3900.96 Eut I 2 600 
3971.91 Eut-Fe I 3 700 
4129.73 Eut I 10 600 
4205.00:...... 4205 .06 Vt-Eut 2 6 600 


It seems that the wrong solar line was identified with the euro- 
pium line at \ 3907. From a more exact determination of the wave- 
length of the Eu* line by A. S. King identification with another 
solar line is indicated (see Table VII). 

In an extension of the work of Ludendorff, of Belopolsky, and of 
Baxandall on the spectrum of a? Canum Venaticorum, C. C. Kiess? 
identified several other lines with europium among those found to 
vary in intensity. Table V gives all of the lines which he considered 
to be due to europium. The wave-lengths are on the old Rowland 
system. 

Miss Cecilia Payne‘ suggested the identification of two lines meas- 
ured by Lockyer and Baxandall in the spectrum of y Cygni with the 
two strongest lines of europium. She also identified two weak lines 
in the solar spectrum as being identical with the same europium 
lines. As Adams and Joy have pointed out,’ however, it seems that 

* Astrophysical Journal, 38, 407, 1913. 

2 Tbid., 71, 1, 1930. 

3 Publications of the Observatory, University of Michigan, 3, 106, 1919. 

4 Harvard Bulletin, No. 841, 2, 1926. 

5 Proceedings of the National Academy of Sciences, 13, 393, 1927. 
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the wrong lines were identified with europium by Miss Payne in the 
solar spectrum. Adams and Joy have published wave-lengths de- 
termined for the two strongest europium lines from large-scale spec- 
trograms of y Cygni taken with the coudé spectrograph of the Mount 
Wilson Observatory. Their measures are included in Table VI. The 
wave-lengths are expressed in I.A. 


TABLE V 
Evuropium LINEs IN a? CANUM VENATICORUM (KIEss) 


d (ROWLAND) (ROWLAND) 


Star Laboratory 


TABLE VI 


Evroptum Lines IN CyGnt (ADAMS AND Joy) 


d Lab. (1.A.) d Sun (L.A.) dy Cyg. (LA.) 
4205 .03 4205.0 
V+ 


_ D.H. Menzel’ has called attention to the remarkable behavior of 
the lines due to the rare earths on a moving plate spectrogram taken 
at the eclipse of 1905 by W. W. Campbell. Instead of reversing to 
dark lines at the limb of the sun they remained in emission far in 
on to the disk of the sun. 

The recent determination of accurate wave-lengths of the strong- 
est europium lines and the temperature classification of all the lines, 
by King,? have made it seem desirable to try to obtain more data as 


* Publications of the Astronomical Society of the Pacific, 39, 359, 1927. 


2 Astrophysical Journal, 72, 221, 1930. 


: 
| 
| 
| 
| 
‘ 
ig: 


EUROPIUM IN A-TYPE STARS 51 


to the occurrence and behavior of the element in the stars. Table 
VII gives the wave-lengths and intensities in the furnace and arc of 
all of the europium lines having intensities of 30 or greater. The 
wave-lengths to two places are by Eder;' the more accurate ones 
were measured by King. The lines which occur in the sun are also 
listed. The wave-lengths, identifications, and intensities in the sun 


TABLE VII 


INTENSITIES, WAVE-LENGTHS, AND TEMPERATURE CLASSIFICATION OF 
STRONGEST Evroprium Lines (A. S. wiTH 
OcCURRENCE IN THE SUN 


INTENSITIES | 
(LA) | Ioex. | Disk | Spor 
Arc Fur. 

3930. 504.. 300R 50 ITI E, 3 | 
| 3971 .989 40oR 60 Til E, 3 3971.996 | Eu*+?—| od? ° 
\4129.734....| 500R 80 III E, 3 4129.732 | Eut I I 
f4204.909....| 30? 5? | INE (4204.897) |....... 
\4205.046....| 606R | 100 | IIIE, 3 4205.029 | Ent? I 
4435.602....| 40or | 80 | HEE; Masked by Ca 4435 .690 

4522.602. 200r 50 III E, 4 Masked by Fe* 4522.640 
4061. 865... | 250R | 100R one 


* Blended with V* in spot spectrum. 


were taken from the Mount Wilson Revision of Rowland’s Prelim- 
inary Table of Wave-Lengths. 

King describes the strongest lines in the spectrum as follows: 

The lines of low excitation in the ionized spectrum have intensities seldom 
found in rare-earth spectra. These are AA 3907.1, 3930.5, 3971-9, 4129.7, 4205.0, 
4435-6, 4522.6. The line A 3819.6, outside the range here studied, belongs to the 
group. In structure each line consists of an unresolved triplet, with a fourth 


* Sitzungsberichte der Akademie der Wissenschaften in Wien, Ila, 126, 473, 1917. 
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line, usually separated in the furnace spectrum, on the violet side. ... . The 
ionized character of these lines was clearly shown by their almost complete ex- 
tinction when caesium was added in the furnace; but with europium alone the 
lines are strong in the furnace, and with long exposures show at temperatures as 
low as 2000°C..... 

The neutral lines of europium present a similar contrast between groups. 
Three low-temperature lines occur at AA 4503.903, 4627.122, 4661.865..... 

As the europium lines seemed to reach their greatest intensity in 
a? Canum Venaticorum whose spectral type is Aop, it seemed that 
a search through the large collection of spectrograms of A-type stars 
obtained at the Yerkes Observatory might bring to light other 
“europium stars.”’ The stars examined cover a range of spectrum 
Ao-A3 inclusive. The number of stars examined in each spectral sub- 
division is given in Table VIII. It should be pointed out that the 
broad, hazy lines in many A-type stars caused by rapid rotation pre- 
vent the observation of comparatively weak lines such as the euro- 
pium ones. For this reason stars whose spectral lines are of poor 
quality were omitted from the discussion. 


TABLE VIII 
NuMBER OF A STARS EXAMINED FOR EUROPIUM 
Sp. No. Stars 


The total number of stars examined on Yerkes spectrograms is 
therefore 360. Of this number 34 were found whose spectrum con- 
tained a line at \ 4205 agreeing in position with the strongest line of 
Eu*. Of these, 13 showed lines at both A 4129 and A 4205. The 
number of stars mentioned includes a? Canum Venaticorum, a Canis 
Majoris, and a Cygni, which had been previously found by Baxan- 
dall. One of the stars found, B.D.—18°3789, proved to have a spec- 
trum of unusual interest and has formed the subject of a separate 
paper.’ The four strongest europium lines in its spectrum were 
found to vary in intensity in a probable period of 3.2 days. The 
chromium lines in the spectrum are also variable in intensity in the 
same period, but chromium attains its maximum intensity at the 
time when the europium lines are at a minimum. 


Astrophysical Journal, 74, 24, 1931. 
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Table IX lists the stars found to have lines corresponding in posi- 
tion to one or more of the strongest europium lines. 

The intensities of a selected group of lines were estimated on two 
plates for each star. The wave-length of the line at \ 4205 was de- 


TABLE IX 


A-STARS CONTAINING LINES CORRESPONDING IN POSITION 
WITH STRONGEST EuROPIUM LINES 


Star a (1900) 5 (1900) Vis. Mag. Spectrum 
G 1h48m +18° 48’ 4.83 Aop 
+970 957 Cam............. 3 39 +70 34 5.40 Ao 
3 44 +25 17 5.38 A3 
4 20 +17 42 4.24 A2 
4 40 +56 35 5.38 A2 
4 40 +11 31 5-43 Ao 
5 04 + 9 42 5.42 A2 
5 09 +32 34 5.14 A2 
6 00 +38 29 5.31 A3 
6 41 —16 35 —1.6 Ao 
66.0 7 28 +32 06 2.85 Ao 
8 26 +65 29 5 39 Ao 
8 39 +10 27 5.58 Aop 
8 53 +12 15 4.27 A3 
ers I2 24 +26 28 5.38 Aop 
TRL Eee I2 50 +56 30 1.68 Aop 
| 13 29 + 4 10 4.93 A2p 
14 13 —18 15 5-74 Aop 
15 45 +55 41 5-79 A2 
15 46 + 4 47 3.95 A2 
+25°3246 Her............. 17 16 +25 38 5.32 A2 
62 18 41 +37 30 4.29 A3 
TODA 18 54 +13 46 5.94 A3p 
Ig 20 +65 31 4.63 A2 
20 38 +44 55 5.34 A2p 
+-48°3900 Cys. .. 21 23 +48 24 5.31 A3 
22 00 — 1 23 A3 


termined for all of the stars, and the line at \ 4129 was measured in 
the thirteen cases where it was found to be present. These results 
are given in Table X. The columns give: (1) the name of the star 
and the spectral type; (2) the estimates of intensity of twenty-one 
lines, including those at the position of the europium lines; and (3) 
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the measured wave-lengths for \ 4129 and A 4205, and their devia- 
tions from the laboratory positions. 

As Yerkes one-prism plates are generally weak to the violet of 
d 4000, it was thought best to observe lines which are situated to the 
red of this position. This reduced the number of strong ionized euro- 
pium lines to four in the observable range. These were AX 4129, 4205, 
4435, and 4522. Of these, the last two may be seriously blended. 
There is a strong neutral calcium doublet at \ 4435, which is present 
in the cooler A stars. The line at \ 4522 is hopelessly blended with 
the Fe+ line at the same position. There is a moderately strong V* 
line at \ 4205.082 in the sun. As the strongest Eu* line lies at 
d 4205.046 the presence or absence of V* was determined from 
other, stronger vanadium lines. Table XI gives the strongest lines 
of ionized vanadium in the region observed. 


TABLE X 
Vt | Sa Set Fe Sr* Fet* 
Star Sp. 4023 | 4128 4iSP 4131 sae 4202 4205 4215 Red 4233 
Se bxen y Ari (S) Aop ° 2-3 ° I 2 I I-2 | 1-2 I 3-4 
2..002-| 70257 Cam Ao ° I-2 ° I 1-2 | 1-2 | 1-2 | 4-5 2 3-4 
Peer meee 25°624 Tau A3 ° I ° ° I I I I I ° 
Bi is acetone 68 Tau A2 ° 2-3 ° I-2 | 2-3 2 I 2-3 I 3 
Ec wise cated Cam A2 ° 2 I ° I 2 2 2-3 | 2-3 | 2-3 
Di eames +11°646 Ori Ao ° 2 ° I I 2-3 I 2-3 3 2-3 
- eee 16 Ori A2 ° 3 I 2 3 2-3 | 2-3 | 4-5 3 3-4 
ee elaveate 14 Aur A2 ° I-2 ° I 2 2 I 3-4 | 3-4 | 3-4 
Bie eaten o Aur Ao ° I ° ° 2 I I I 1-2 2 
10 40 Aur A3 I 3 3 3 5 |3-4| 4 
Pe Soke a CMa Ao I 4 I 4 2-3 | 2-3 I 3-4 2 5 
a Gem (ft) Ao 2 ° 2 2 3 I 3-4 3 
) pre 2 UMa Ao ° 2 I I 2 2 1-2 | 4-5 2 3 
Serpe! 49 Cnc Aop ° 3-4 ° 3-4 | I-2 1? | 1-2 | 2-3 I 2-3 
ie ecaeeie a Cnc A3 ° I-2 ° 1? | 1-2 | 1-2 I 2-3 | 2-3 3 
16 67 UMa A3 ° I-2 ° ° I I-2 I a 2 2 
terre 17 Com Acp ° 2 ° I 2 I 2 2-3 I 3 
ee e UMa Aop I 3-4 ° 2 4 2 2 4 2-3 | 5-6 
re a? CVn (max) Aop ° 4-5 3 4-5 | 3-4 ° 4-5 2 2-3 3 
Gam) ° 5-6 | 1-2 ° I-2 2 I 4-5 
OE tasted 78 Vir A2p ° 1-2 2 I 3-4 I 2-3 4 I 3-4 
ee —18°3789 Vir (max) | Aop ° 2 2 I 3 ° 4-5 I 2 2 
$8.25 coc —18°3789 Vir (min) |...... ° 2 I I 3 I 2 3 2 5 
rer p Lib A2p ° I I I 2 I I 6 I-2 | 2-3 
25......-| —19°4135 Lib A2 ° 4 I-2 | 2-3 4 3 2 3-4 | 3-4 | 3-4 
Reade 55°1779 Dra A2 ° 3 ° I 3 3 I-2 | 3-4 3 3-4 
ee e Ser A2 I 3 ° 3 3-4 4 I-2 6 4 6 
nee 52 Her A2p ° I-2 I I 2-3 | I-2 | 1-2 | 4-5 | 1-2 3 
ee 25°3246 Her A2 I 2 ° I-2 I 2 I 4 2-3 4 
Sere ¢ Lyr (br) A3 2 3 I 2 4 3 3 4-5 4 4 
ea to Aql A3p ° 2 2 I 2 2 I-2 5 4 3 
Ct ee aw Dra 2 ° 1-2 ° I I I I 3 I-2 | 2-3 
nee 73 Dra A2p ° I 2 I 2-3 I 2 5 1-2 | 3-4 
Roa os cals a Cyg A2p I 6 ° 5 I I I I-2 I 8 
CO etenanee 48°33900 Cyg A3 ° 2-3 ° 2 2-3 | I-2 | 1-2 4 3 4 
eee 32 Aqr A3 ° I-2 I I 2-3 | 2-3 | I-2 | 3-4 | 2-3 | 374 
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Mg*| Tit | Fet | Fet | Cr+ | Tit | Tit | Meas. |Lab.—| Meas. |Lab.— 
4435 | 4481 | 4501 | 4508 | 4522 4sao | 4558 | 4563 | 4572| 4205 Star 4129 Star 
° 3-4 I I I 3 2-3 I I 
2. 4-5 2 I I-2 3 I I I 
° I I ° I I ° I I 
REE AE ° 4-5 I I I 3 I I I 4204.99 | + 6 | 4129.67 | + 7 
| ee I 4 2 I-2 | 2-3 4 I-2 I 2 4205.01 | + 4 | 4129.80 | — 7 
° 2 I ° ° I I I I 
I 4 2 I 2 4 I I 2 
| re ° 8 2-3 | 2-3 3 5 2-3 | 2-3 3 4205.08 | — 3 | 4129.69] + 4 
° 4 2 I | 3-4 I I 2 = 
Race e' ° 4-5 2 I 2 4 I I 2 4205.10 | — 5 | 4129.55 | +18 
° 4 I~2 2 I-2 3 I I 2 
° 4 I I I 3 I I I 4208 
1? 5 1-2 ° I 3-4 | 3-4 I I 
° 6-7 2 2 2 5-6 4 I | 4208.05 | 
2 4-5 | 1-2 I 2-3 | 4-5 2 
° 4-5 I I 2 4 2-3 ° 
Po occas 1? 4 I I I 3-4 3 I I 4205.10 | — 5 | 4129.85 | —12 
pO aN gra 2 2-3 I 1? 3 I I I-2 | 4205.07 | — 2 | 4129.91 | —18 
24.. ° 5 I 1? I 3 3 I I 4205.20 | —15 | 4129.52 | +21 
ee te 5 2 2 2-3 | 4-S | I-2 I 2 4205.14 | — 9 | 4129.57 | +16 
° 4-5 2 I-2 | 2-3 4 I I 2-3.) 4204.06 | 
I 6 3 3 3 5 3 2-3 3 
Pee ee I 4 I I I 3-4 | I-2 I I 4205.02 | + 3 | 4129.60 | +13 
1: | 5-6 | 1-2 | 1-2 | I-2 4 I-2 I I 
I 5 2 23.) 2 2 | 2-3 | 4204.92 | +13 | 4129.75 | — 2 
Ce 2 5 I I I 2 I I I 4204.81 | +24 | 4129.62 | +11 
° 5 1-2 | 1-2 I 3 I-2 I |) 
Cea ae ° 5 2 I I 3-4 4 I I 4204.88 | +17 | 4129.75 | — 2 
Wales itera, ° 8 | 3-4] 5 5 6-7 5 2-3 | 3-4 | 4204.90 | + 6 |.....----feoeeee 
° 5 2 I I-2 4 I-2 I I 
ee I 3 2 I-2 | I- 4 2 1-2 | 2-3 | 4205.01 | + 4 | 4129.53 | +20 
TABLE XI 
STRONGEST LINES OF V+ IN REGION OF STELLAR SPECTROGRAMS 
r Int. (Lab.) Int. Disk Int. Spot Iden. E.P. 
4005.712 60 3 I Vr 1.809 
4023. 376... 50 3 2 Vt-Co 1.797 
4035 .622 40 2 I vt 1.785 
4183.428..... 35 2N I Vt+— 2.041 
4202. 34.. 35 oNd? ° vt 1.696 
= * + 1.678 
4205.087..... 30 I V fa 


* V+ 4205.087 is blended with Eu* 4205.046 in sun-spot spectrum. The blend is given by Rowland as 


intensity 2. 


The only one of the three strongest lines that is unblended in 
A-type stars is \ 4023. The intensity of this line was therefore esti- 
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mated on all of the plates. If \ 4023 was found to be absent, it 
seemed safe to conclude that V* can make no sensible contribution 
to the stellar line at \ 4205. 

The strong Eu+ line at \ 4129 seems to be entirely unblended in 
A-type stars. 

It thus seems that a rather definite decision can be reached con- 
cerning the presence or absence of Eu+ from the evidence of the two 
strongest lines of the element at \ 4129 and A 4205. 

For two of the stars in Table X there is evidence of another sort. 
The variation in intensity of these lines in a? Canum Venaticorum 


and in B.D.—18°3789, together with the agreement in wave-length, 


makes the evidence overwhelming. In the case of —18°3789 there 
is no calcium line at \ 4435, and the europium line at that position 
varies in phase with \ 4129 and \ 4205. The spectra of the rest of 
the europium stars were examined for possible variability of the 
spectral lines. In a few cases where a number of plates was available 
the evidence was negative, but in most instances the data were not 
sufficient to make a final decision. It is poss:ble that \ 4205 varies 
in intensity in 73 Draconis. 

It seems that the identification with europium is certain in the 
case of all of the stars in Table X which contain both \ 4129 and 
d 4205 and which do not contain vanadium. In only two cases where 
d 4129 and A 4205 occur is the line V* 4023 present. In Sirius \ 4023 
is equal in intensity to \ 4205. The evidence for the presence of Eu* 
would be unconvincing were it not for the fact that there is a very 
faint line agreeing in position with Eu+ 4129. Because of the coin- 
cidences of the two lines it seems probable that europium is present 
in Sirius. In ¢ Lyrae, \ 4205 is a rather strong line, while V+ 4023 is 
certainly weaker. \ 4129 is stronger than in a Canis Majoris, and it 
seems practically certain that Eu* is present. For the other twelve 
stars containing both \ 4129 and \ 4205, the identification with 
europium seems certain since vanadium is absent. 

In the case of the stars in which only \ 4205 seems to be present, 
the evidence cannot be as conclusive. Several stars can be at once 
eliminated. a Cygni, the only supergiant in Table X, clearly does not 
contain europium, since the line at \ 4205 is weaker than V* 4023, 
and is thus probably entirely due to vanadium. In B.D.+25°3246 
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Herculis the two lines are about equal in intensity, and it seems 
probable that \ 4205 can be again explained by the presence of 
vanadium. In e¢ Serpentis, \ 4205 is possibly slightly stronger than 
V+ 4023. It is impossible to decide with certainty, but it seems 
probable that europium is not present. The same reasoning applies 
to a Geminorum. In the case of ¢« Ursae Majoris, the only other 
star found to contain V+ 4023, \ 4205 seems to be definitely stronger 
than the vanadium line. For this reason it seems that the star can 
be classed with the last group: those which show \ 4205, but in 
which both A 4129 and \ 4023 are absent. Of this group all that can 
be said is: (1) The line at \ 4205 agrees within the errors of measure- 
ment with the strongest line of Eu*. (2) The presence of the line 
cannot be accounted for by any other element but europium. (3) 
The A stars containing \ 4205 form a related group in temperature 
and pressure. (4) The stars containing \ 4205 alone have spectra 
similar to those containing both \ 4129 and A 4205. (5) The ratio of 
intensity 4129/4205 is such that, except in one case, the faintness of 
d 4205 would preclude the probability of seeing \ 4129. The singie 
exception to this rule is 40 Aurigae, in which \ 4205 is of intensity 3, 
while \ 4129 seems to be absent. It seems that this may possibly be 
accounted for by the fact that the star is a spectroscopic binary with 
double lines, and estimates were possible only on the one plate which 
showed single lines. In connection with (3), estimates of the widths 
of Hy and Hé6 were made to afford some idea of the range in pressure 
among the stars. The progressive broadening of the hydrogen lines 
with increasing pressure, due to Stark effect, serves as a valuable 
criterion of absolute magnitude. Because of the varying density of 
the plates, only a rough estimate was possible, but this was sufficient 
to show that the stars are all of the same order of absolute magni- 
tude. On the scale adopted, the H lines in Sirius are of width 7, 
while those in a Cygni were estimated 1. All of the stars believed to 
contain europium had estimates for line-width varying from 3-4 to 6 
with the exception of ¢ Lyrae, which was classed 3. This definitely 
excludes all supergiants and makes it seem probable that the euro- 
pium stars are similar to other A-type stars in general as far as pres- 
sure is concerned. It is possible that the dispersion would be much 
less if plates of comparable density were available. 
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It thus seems fairly certain that Eu+ is present in the thirteen 
stars listed in Table X which show the two strongest europium lines, 
and highly probable for the seventeen others in which the intensity 
of \ 4205 cannot be accounted for by vanadium. 

A rather striking similarity was observed between the behavior of 
chromium and europium. Every star in the range Ao—A3 in which 
the lines of ionized chromium are strong was found to contain either 
one or both of the strongest lines identified with europium. In the 
case of B.D.—18°3789 it has been shown that the chromium lines 
are variable in intensity in phase opposite to that of the europium 
lines. The estimates of intensity of the strongest Cr+ line at \ 4558 
is given in Table X. In such stars as 17 Comae, 78 Virginis, u Librae, 
and 73 Draconis, it is equal in intensity to the outstanding Fe*+-Tit 
4549, and it is well marked in the majority of the stars. If the equal- 
ity of Ca-Fe 4227 with Fe*-Cr*+ 4233 be taken as a criterion for 
spectral class Az, then all of the A stars suspected of containing 
europium lie within the narrow range Ao—A2. 

The mean of the thirty determinations of wave-length of \ 4205 
in the stars is 4205.057 A, with a probable error of +0.012 A, while 
the laboratory value is 4205.046 A. The mean of the thirteen meas- 
ures of \ 4129 is 4129.69 A, with a probable error of +0.024 A, while 
the laboratory wave-length is 4129.73. The agreement is as good as 
can be expected. The silicon doublet \ 4128 and \ 4131 was used for 
the determination of the wave-length of \ 4129, while the following 
lines were used in the case of \ 4205: Fet+ 4179, Fe 4202, Sr+ 4215, 
and Fe+-Cr* 4233. 

The ionization potential of europium is not known, but from anal- 
ogy to the other rare earths it seems rather safe to say that it lies 
between 6 and 7 volts. The intensity of the europium lines in A-type 
stars is thus even harder to understand, as the maximum intensity 
of the first stage of ionization should be much lower in the tempera- 
ture scale. It is of some interest to note that the europium stars 
occur immediately below the ‘“‘manganese”” stars in effective excita- 


‘In my study of the “manganese” stars (Astrophysical Journal, 73, 104, 1931) the 
stage of ionization was found to be probably the second (Mn*+). Professor H. N. 
Russell has suggested that the lines probably arise from the singly ionized atom (Mn*). 
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tion. The manganese stars are found among spectral classes B8, Bo, 
and the high-temperature Ao stars. The A-type europium stars 
occur in the low-temperature Ao stars and in A2 and A3. It seems 
that since the segregation of these two groups of stars it should be 
possible to take another step toward the physical classification of the 
A-type stars. 

YERKES OBSERVATORY 


WILiiAMs Bay, WIs. 
August 25, 1931 
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A NOTE ON THE MASS OF 27 CANIS MAJORIS 
By DEAN B. McLAUGHLIN 


ABSTRACT 


It is shown that in range of velocity, length of period, correlation of emission and 
velocity changes, and in the presence of a secondary oscillation of short-period and 
smaller range than the main period, 27 Canis Majoris is a normal Be spectrum variable. 
Large variations in the periods of stars of this type rule out the hypothesis of orbital 
motion, and with it the enormous mass function derived by Struve. The supposed 
secondary spectrum is also a normal phenomenon of Be variables, and is due to a wing 
of the broad absorption which underlies and borders the emission lines. 


In the Astrophysical Journal, Dr. Otto Struve' has presented the 
most recent results of a spectrographic study of 27 Canis Majoris and 
has derived a mass function of 275 ©, making the mass of the sys- 
tem of the order of 2000 ©. The order of length of the period (2000 
days) would appear to be established beyond question, and the large 
range of velocity (240 km) is such as to indicate orbital motion as the 
explanation. The contention that the enormous mass is real seems 
to be strengthened by the presence of a secondary spectrum which 
has been measured on many plates? and which therefore cannot be 
disregarded. 

It appears to the writer that the explanation of the anomalies of 
this star is to be found in the fact that it is a spectrum variable of 
class Be. J. S. Plaskett? has shown that the large mass derived by 
H. Ludendorfi‘ in the case of 46 v Sagittarii is illusory. The present 
case, though different in its details, is probably of a somewhat similar 
nature. 

Rather large ranges of velocity and long periods are common 
among the spectrum variables of Class Be. The writer cannot match 
Struve’s mass function, but he has investigated the spectrum of a 
Aquarii which shows a range of velocity of about 120 km and a 


Op. cit., 73, 301, 1931. 
2 Tbid., 65, 273, 1927. 
3 Publications of the Dominion Astrophysical Observatory, 4, No. I, 1927. 


4 Sitzungsberichte der preussischen Akademie der Wissenschaften, 9, 67, 1924. 
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period of 1900 days in the interval 1924-1930." These figures lead to 
a mass function of more than 30 ©. But the period just stated is not 
rigorously adhered to, and there are some indications that the large 
range of velocity is a recent development. The case of 25 Orionis, 
while yielding a much smaller mass function, is more conclusive as 
regards non-constancy of period. R. H. Curtiss? found for this star 
a mean period of 1890 days during the interval 1915-1928. The 
writer has confirmed this period for the earlier observations, but re- 
cently one cycle of variation occupied only about 1300 days. While 
these periods are based chiefly upon the variation of the ratio of 
violet to red emission components, they are also valid for the varia- 
tion of velocity, since the writer’ has shown that the curves of the 
ratio of emission are almost identical in form with the velocity- 
curves. With such irregularity in the lengths of cycles we must cer- 
tainly abandon the hypothesis of orbital motion in these cases. It 
is thus an easy step to the conclusion that the variation of velocity 
of 27 Canis Majoris does not represent orbital motion, since it also 
is a Be spectrum variable and behaves in a perfectly normal fashion 
for such a star, viz., in showing greater strength of the red emission 
component when the velocity is negative and greater strength of the 
violet component when the velocity is positive. 

A further point of similarity between this star and others of the 
same type is found in the existence of a shorter period of the order 
of roo days, with a smaller range of velocity than that of the long- 
period variation. Such a situation is highly improbable in a true 
multiple system. Such a short period is definitely indicated in + 
Aquarii and suspected in 25 Orionis, while in ¢ Tauri* the short 
period was known before the long one was detected. Thus, in several 
respects 27 Canis Majoris is a typical Be spectrum variable—indeed, 
it appears to differ from other cases only in possessing a larger range 
of velocity than any other so far investigated. The intensive ob- 
servations have not been carried on over a long-enough interval of 
time to show the extent of its irregularities. 


* University of Michigan Observatory Publications, 4, No. 3, 1931. 

2 Popular Astronomy, 37, 578, 1929. 

3 Loc. cit. 

4 Losh, University of Michigan Observatory Publications, 4, No. 1, 1931. 
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The secondary spectrum remains to be considered. In this respect 
also the star is apparently normal for a Be variable. In both 7 
Aquarii and 25 Orionis the writer has seen such “secondary spectra,”’ 
but in these cases it is quite clear that they are not due to a second 
body at all. Be stars normally present a narrow absorption line al- 
most centrally placed in a wide emission line, which in turn is super- 
imposed upon a broad absorption. The emission, with its narrow 
central absorption, shifts positively when the violet emission component 
strengthens. The underlying broad absorption does not share this d1s- 
placement, hence the wing of shorter wave-length of the broad ab- 
sorption will be uncovered and the wing of greater wave-length will 
be almost or quite obliterated by the shifting emission. The un- 
covered (and hence relatively intensified) wing appears in about the 
position where a line of the secondary spectrum would be expected 
to appear. An opposite change occurs when the red emission com- 
ponent is stronger. In the stars studied by the writer both wings can 
be seen when the emission is in its median position, but there seems 
to be no good reason why the emission in some star might not be wide 
enough to cover both wings of the absorption except when a large 
shift of the emission and its central absorption occurs. The writer 
suggests this structure as the probable interpretation of the second- 
ary spectrum in 27 Canis Majoris. 

The noticeable emission in this star is confined to the hydrogen 
lines. It is not entirely clear why the helium lines should show the 
same displacements as the hydrogen, in spite of the absence of ob- 
servable emission. The quality of the helium lines is such that it is 
difficult to ascribe their doubling to the cause suggested above in the 
case of the hydrogen lines. This and other difficulties can only be 
cleared up by further investigation. The crux of the matter is evi- 
dently the question of regularity of period. 

Orbital motion, and with it the enormous mass, is ruled out by 
the foregoing considerations. Pulsation, in the ordinary sense, is 
likewise impossible as an explanation of the velocity variations of 
this star—at least a star whose surface pulsates through a distance 
several times its own diameter is inconceivable to the writer. A modi- 
fication of C. S. Beals’s hypothesis’ of ejection of the atmospheres of 


* Publications of the Dominion Astrophysical Observatory, 4, No. 17, 1930. 
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the Wolf-Rayet stars seems to the writer the most hopeful approach 
to an explanation of the emission and velocity changes of the Be 
spectrum variables. We should, however, keep in mind the remote 
possibility that the shifts of lines are not due to real motions of the 
gases in the line of sight, but are caused by some changes of an un- 
known nature in the atomic mechanism of absorption and emission 
of light. 


THE OBSERVATORY 
UNIVERSITY OF MICHIGAN 


July 29, 1931 
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STELLAR ABERRATION AND RED SHIFT 
By G. VAN BIESBROECK 
ABSTRACT 


The position of a distant nebula, which has shown a large recessional velocity, has 
been measured photographically in order to ascertain if the yearly aberration has the 
same value for the nebula and for the surrounding stars. No measurable difference was 
ri showing that the high velocity of the source does not affect the velocity of the 

The constancy of the velocity of light is a fundamental postulate 
in the theory of aberration. We have learned to doubt all theories 
and to examine critically our postulates. This one has not been an 
exception, and the possibility that the velocity of the source might 
affect the velocity of the light has been freely mentioned in recent 
literature. Without going into the delicate treatment of the theoreti- 
cal problem, I thought it would be of interest to make an experi- 
mental test of the constancy of the astronomical aberration for ob- 
jects showing considerable red shifts in the spectral lines. If con- 
sidered as Doppler shifts, these would correspond to velocities of 
thousands of kilometers per second. As a test object I have used a 
small elliptic nebula—which should better be called a spiral—the 
brightest one of a remarkable cluster of nebulae found by W. Baade 
in Ursa Major.’ This object, No. 24 in Baade’s list, where it is called 
of magnitude 15.93, shows a red shift corresponding to a radial 
velocity of +11,500 km per second according to M. Humason’s 
determination with the Rayton short-focus spectrograph attached 
to the 10o-inch reflector at Mount Wilson.” If the large velocity of 
recession were combined with that of the light, it would mean a 
change of +0.78” in the constant of aberration. The aberrational 
ellipse would therefore be 1.56 larger for the nebula than for the sur- 
rounding stars. 

Twelve plates taken with the 24-inch reflector of the Yerkes Ob- 
servatory were secured during the six months’ interval February to 
August, 1931, so as to cover fully one-half of the aberrational ellipse. 

* Astronomische Nachrichten, 233, 65, 1928. 


2 Astrophysical Journal, 71, 356, 1930. 
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The position of the nebula was measured in rectangular co-ordinates 
relatively to five comparison stars of magnitude 16 to 17. Each 
measure gave an equation of the form 


Aberration X a+ Constant = Measure, 


in which a is the fraction of the stellar aberration by which the aber- 
ration of the nebula would be greater if its velocity were combined 
with that of light. If this were the case, a would be 


40.038. 
300,000 


No term for parallax nor proper motion is included in the equa- 
tion; the plates cover only an interval of six months, and for such 
faint objects these quantities are of course entirely negligible. 


The solution of the 24 equations, one in « and one in y for each 


plate, gave 
a=-+.co6+.co6 (m.e.), 


a value six times smaller, and within the uncertainty of its deter- 
mination. The mean error of one measure on the nebula comes out 
0”34, which seems large, but the scale of the plates is 87’’ to the 
millimeter, and the diffuse nebula, having a size of 13 by 15”, is 
none too easy to bisect. 

The conclusion is that the red shift found in the spectrum of the 
most distant nebulae, be it interpreted as Doppler shift or other- 
wise, has no effect of the first order on the value of the yearly aber- 
ration. 

The same conclusion has recently been arrived at by G. Strém- 
berg." 

WILLIAMS BAy, WISCONSIN 
September 3, 1931 


™ Publications of the Astronomical Society of the Pacific, 43, 266, 1931. 
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REVIEWS 


Astronomy. By Forest Ray Mouton. New York: Macmillan 
Co., 1931. 8vo. Pp. xxiii+549; 213 diagrams and photographs. 
$3.75. 

Dr. Moulton’s new book is an elementary college course in descriptive 
astronomy and will doubtless take the place of his [ntroduction to A stron- 
omy which first appeared in 1906 and which has since been reprinted and 
re-edited a number of times. 

The author has given careful consideration to the selection of his ma- 
terial. ™n this he has been guided by a desire to stimulate in the student 
an appreciation for clear and logical thinking and at the same time to 
satisfy his natural curiosity concerning the achievements of science. In 
his introduction the author expresses the hope that ‘‘those who have a 
taste for coherent thinking will derive keen satisfaction in proceeding 
from fundamental principles and observational data to some important 
final conclusion.’”’ At the same time he wishes the student to ‘experience 
the thrills felt by the original discoverers of the wonders that are de- 
scribed.” 

There are fourteen chapters, treating the constellations, telescopes, 
the earth and its motions, time, the solar system and its evolution, the 
sun, stars and nebulae, and the sidereal system. The subject matter is 
thoroughly up to date and includes references to many of the latest dis- 
coveries. The more advanced reader will derive particular satisfaction 
from chapter xiv, ‘“The Evolution of the Solar System,” which in a large 
measure rests upon Dr. Moulton’s own work. It will be recalled in this 
connection that in 1899 he proved the Laplacian hypothesis to be unten- 
able—a fact which is now universally accepted. In 1900, in collaboration 
with the late Professor T. C. Chamberlin, he developed the planetesimal 
hypothesis. In his Astronomy the author gives an outline of this hypothe- 
sis and compares it with the encounter theory of A. W. Bickerton and 
with the tidal theory of J. H. Jeans. The chapter closes with a brief 
description of the cosmological ideas of W. D. MacMillan, according to 
which a star may either decrease in mass by radiation, if it happens to be 
in a comparatively ‘‘empty”’ region of space, or increase in mass, if the 
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process of sweeping up interstellar matter overbalances the loss by radia- 
tion. 

Special mention should also be made of chapter xvi, ‘The Sidereal 
Structure,” which gives a remarkably clear and simple account of the 
organization and the internal motions of the galactic system. There is an 
interesting outline of the work of Shapley and of Trumpler. The reader 
will not fail to appreciate section 375, ““On the Dynamics of the Galaxy,”’ 
which contains a very instructive account of the motions to be expected 
in our stellar system if certain assumptions are made concerning its struc- 
ture. 

Dr. Moulton’s book is not a “handbook”’ on astronomy, and makes no 
attempt to cover all of the innumerable problems which interest the 
specialist. The author aims, rather, to give fewer details and to cover 
them more explicitly. For example, he includes a fairly complete account 
of recent work on the companion of Sirius, and discusses its relation to the 
theory of relativity; he mentions briefly the motion of the perihelion of 
Mercury and the deflection of light near the limb of the sun; but he does 
not enter into any discussion of the complicated and, in part, conflicting, 
work of St. John, Evershed, Burns, and others on the red shift of lines in 
the solar spectrum. Incidentally, the author’s attitude toward such prob- 
lems as relativity is one of caution: He does not deny the observational 
evidence, nor does he indiscriminately accept all deductions. 

In the opinion of the reviewer it is regrettable that only one chapter of 
sixty-nine pages has been devoted to the important subject ‘Stars and 
Nebulae.”’ Stellar and nebular spectroscopy will doubtless be of increas- 
ing importance in the study of the sidereal universe, and a rather thorough 
discussion of this branch of astrophysics is highly to be desired even in an 
elementary course. 

The illustrations are numerous and well chosen, but the quality of the 
paper does not always do justice to the exquisite beauty of such nebulae 
as the one south of ¢ Orionis, which has the dark marking “Barnard 33” 
in its center (Fig. 195). There are two almost identical photographs of the 
Orion nebula (Figs. 192 and 199). The illustrations of stellar spectra are 
sometimes placed “violet right” (Figs. 143, 145, 146) and sometimes 
“violet left”? (Figs. 165, 166, 169, 173). 

An interesting and novel feature of the book is the inclusion of star 
maps which cover the whole sky and give all stars down to magnitude 
4.0. The boundaries of the constellations are given in conformity with the 
recently adopted system of the International Astronomical Union. 

Otto STRUVE 
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Délimitation scientifique des constellations. (Tables et cartes.) By 
E. DELPoRTE. Pp. 41+28 charts. 


Allas céleste. By E. DELportE. London: Cambridge University 
Press, 1930; New York: Macmillan Co. Pp. 32+28 charts. 5s. 


These two volumes differ chiefly in that the former includes detailed 
lists of the boundaries of the constellations, whereas the Adlas céleste, 
which is the revised form distributed in this country, has, instead, tables 
giving the positions, magnitudes, and spectral classifications of the stars 
brighter than magnitude 4.5, as well as lists of the easily seen double 
stars, variables, nebulae, and clusters included in each map. Otherwise 
they are practically the same, comprising the Report of Commission III 
of the International Astronomical Union, 1930. 

The report consists essentially of charts showing the boundaries of the 
constellations as officially approved by the I.A.U. The boundaries are 
taken along arcs of hour circles and of parallels of declination in such a 
way that all variables discovered prior to the end of June, 1929, remain 
in the constellation to which they were originally assigned. 

This authoritative delimitation of the constellations satisfies a long- 
felt need in doing away with the confusion in nomenclature of stars hith- 
erto classed as common to more than one constellation. The Afélas is 
not only invaluable to observatories bui should also prove useful to any- 
one doing telescopic work. 


P. C. KEENAN 


Photographische Sternkarten. (Wolf-Palisa Karten.) Series XI, Nos. 
201-10. Edited by J. RuepeNn. Published by the editor, Wien, 
1931. 25s or 15 Rm. 

These ten plates extend the well-known Wolf-Palisa photographic maps 
to additional regions of the sky. The new fields are widely scattered, 
except that the declinations covered are within the range —9° to +44°. 

The maps are accompanied by an index and are uniform in format 


with the earlier ones of the series. 
P. C. KEENAN 
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